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November 21, 1977

Mr. Charles Sheppard
Ormet Corporation
Hannibal, Ohio 43931

Dear Mr. Sheppard:

Enclosed are 4 copies of our final report "Overview of Geohydro-
logic and Water Quality Data and Formulation of Alternatives, Ormet Corpor-
ation, Aluminum Reduction Plant, Hannibal, Ohio." This report is in accor-
dance with the scope of work outlined in our confirming proposal dated
July 27, 1977, and your Purchase Order No. OH-12653 dated July 15, 1977.

Pursuant to your staff's technical review and our meeting of
October 7, 1977, we have made certain revisions and additions to this
report. We appreciate your cooperation and suggestions on this project and
the opportunity to be of service to Ormet Corporation. We look forward to
continuing to assist you in solving your water problems.

Respectfully submitted,

DAMES &

Dean 0. Gregg
Senior Hydrologist
and Associate
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INTRODUCTION

- Ormet Corporation*s aluminum reduction plant is located on the Ohio

River near Hannibal, Ohio. This plant once obtained all of its sanitary and

process water from an on-site Ranney well. In recent years the water quality

has deteriorated because of the presence of abnormally high concentrations of

cyanides, fluorides, soluble organics, total dissolved solids, and of high

color and pH. Only through the operation of two nearby interceptor wells is

ground water from the Ranney well usable for process water. However, the

pumping of the interceptor wells (operating alternately) has created hydraulic

interference which in turn has lowered the production of this well. Because

of the reduced production and the marginal quality water, all of the sanitary

water and some of the process water is currently obtained from a well and a

surface water intake, respectively, owned by Conalco.

At the request of Ormet Corporation, and in accordance to their

Purchase Order No. OH-12653 dated July 15, 1977, Dames & Moore evaluated the

water supply and the hydrogeology on and near the plant site. This report

discusses the hydrologic conditions, the water supply, and suggests remedial

measures and programs to decrease the potential for ground water contamination.



OBJECTIVES

The objectives of this study were as follows:

1. Assess the possibility of natural flushing of the aquifer and

improvement of ground water quality;

2. Assess the likelihood of continuing to use Ranney Well No. 1;

3. Assess, if possible, recent increases in concentrations of

fluoride, cyanide, total dissolved solids (TDS), color, and pH

from Ranney Well No. 1;

4. Identify and assess alternative methods to reduce aquifer

pollution;

5. Identify and describe data investigation needs, if any, to

quantify the above; and

6. Identify possible alternative water supply sources.



METHODS OF INVESTIGATION

,- This investigation was performed by compiling, reviewing, and evalu-

ating existing reports and data, by making a site reconnaissance, and by dis-

cussions with Oraet personnel. Of particular importance were a series of

reports on geohydrology by F.H. Klaer, Jr., and Associates. The Corps of

Engineers District in Pittsburgh, Pennsylvania, was contacted to obtain stage,

discharge, and precipitation records for the Ohio River. Both the United

States Geological Survey and the Ohio Department of Natural Resources were

contacted to obtain available ground-water level records along the Ohio River.

Evaporation data were obtained from the National Climatic Control Agency

(Asheville, North Carolina). The nature of this project, Ormet's name, and

the plant location were not disclosed to any agencies.



PLANT FACILITIES

PRODUCTION FACILITIES

Ormet Corporation's Hannibal, Ohio, aluminum reduction plant pro-

duces about 240,000 tons of primary aluminum from alumina annually. The

alumina is reduced to primary aluminum in the presence of liquid cryolite

(Na-AlF,) in electrolytic cells or "pots". The Hannibal plant has 6 aluminum
J D

pot lines containing 172 pots each.

In the process of making aluminum, large quantities of carbon anodes

are required. These anodes, made on site at the carbon plant, are a steam-

heated and baked mixture of petroleum coke and pitch. The plant recovers

cryolite from spent pot linings for reuse in the reduction process.

Unrecoverable wastes generated at the plant are piped as a slurry to

a sludge disposal pond located east of the plant. The solids largely settle

out in the pond and the effluent discharges to the Ohio River.

WATER SUPPLY

Ormet Corporation currently uses an average of about 1350 gpm with a

maximum of about 1600 gpm of process water from Ranney Well No. 1 (shown on

Figure 1). This well was originally pumped at 2400 gpm with a maximum design

flow of 3430 gpm to furnish all process and sanitary water to Ormet. Since

January 1971, Conalco's Ranney well (Ranney Well No. 2), located approximately

2100 feet west of Ormet's Ranney Well No. 1, supplies up to 600 gpm of sani-

tary water to Ormet Corporation. In addition, Conalco furnishes about 600 gpm

of river water to supplement Ormet's process water needs. These actions were



necessary because of deteriorating quality of water from Ranney Well No. 1 by

increased concentrations of fluoride, cyanide, and organics and by higher pH

and color. Table 1 lists the water requirements for different plant processes

Ormet Corporation projects that their water requirements will prob-

ably decrease over the next 5 years. By 1979, the wet scrubber system will be

replaced by a dry scrubber system which will result in a savings of approxi-

mately 300 gpm. Over the next 5 years, existing water-cooled rectifiers will

probably be changed to air-cooled units. The use of air-cooled rectifiers

along with the air-cooled scrubber system will reduce total water use by as

much as 1,800 gpm.

Two interceptor wells have been installed between suspected sources

of ground water contamination and Ranney Well No. 1. These interceptor wells

have been somewhat successful in reducing the overall concentration of contam-

inates in water from Ranney Well No. 1 by pumping some of the contaminated

ground water out prior to its reaching Ranney Well No. 1. From 1971 until the

last increase in stage of the Ohio River, the interceptor wells were pumped at

less than 300 gpm. This was a sufficient rate to allow Ranney Well No. 1 to

pump about 1800 gpm of acceptable quality water. In recent years since the

river stage increase, the pumping rates in the interceptor wells have had to

be increased from below 300 gpm to possibly as high as 500 gpm to protect the

quality of the water from the Ranney well. The Ranney Well is only pumped at

a rate of about 1350 gpm at present. The reduced capacity of the Ranney Well

and the increased pumping of the interceptor wells may be due in part to a

subsequent reduction in river contribution to the Ranney Well. This may have

been caused by incrustation of the Ranney well laterals beneath the Ohio River



and/or by silting in the river. A detailed test and inspection of the late-

rals would be necessary to verify the presence of incrustation.

SLUDGE DISPOSAL PONDS

General

Process waste water containing pulverized carbon, alumina, and

cryolite not recoverable for plant uses are discharged into sludge disposal

ponds located east of the plant (Figure 1). The pond bottoms are unlined and

probably on the original ground surface, approximate elevation 632 msl (mean

sea level). The dikes were constructed by building embankments of local

material compacted by either sheepsfoot rollers or vibroflotation. These

ponds are shown on Figure 1. The physical dimensions of each pond are:

Pond 1

Pond 2

Pond 3

Pond 4

Pond 5

Surface?
Area (ft )

47,000

47,000

41,000

91,000

470,000

Approximate
Depth (ft)

10-12

10-12

10-12

10-12

23b

Flanimetered measurements from Figure 1.

The top of the dike berm is at elevation 655 feet msl (August 1977). This
elevation is currently being increased 3 feet to elevation 658 feet msl,
or 26 feet above the probable original pond bottom (elevation 632 feet msl).



Operational History

- Ormet's five disposal ponds have different operating histories.

Ponds 1 through 4, the four smaller ponds shown on Figure 1, were used from

1957 to 1967. These ponds were originally designed for alternate use. One

pond would be cleaned out while the others received sludge. Because sludge

removal was found to be impractical, these ponds were used until they were

filled with sediment and then abandoned. The slurry entering these ponds was

initially untreated. About the upper 1 foot of sludge in the ponds is from

later lime treatment and it contains calcium fluoride.

Pond 5 (Figure 1), operating since 1967, currently receives all

slurry discharged from Ormet. Until 1974, sludge was discharged along the

western side of the pond. The presence of "sink holes" along the eastern side

of the pond initiated the extension of the discharge line around the pond to

attempt to plug the holes with sediment (Ormet, 1977). Sludge is currently

discharged to the pond from one of several discharge points located around the

pond perimeter. This has distributed a more even sediment build-up in the

pond and is believed to have been effective in "plugging" the "sink holes".

Because of ground water contamination, Ormet personnel attempted to

lower the pH and to chemically neutralize the fluorides in the sludge after it

entered Pond 5. Approximately 2 truckloads of hydrochloric and sulfuric acid

were batch dumped Into the pond to lower the pH and lime was added to pre-

cipitate fluorides. This method was found ineffective because of poor mixing

and insufficient quality of the added chemicals. A neutralization plant was

constructed and became operational in June 1977. The neutralization plant

treats the slurry before discharging into the pond. About 1 truckload of acid



per day reduces the pH to between 6.5 and 7.5; chlorination with sodium hypo-

chloride removes most of the cyanide; and lime is added to settle out fluoride

concentrations (Ormet, 1977).

Prior to April 11, 1977, there were no overflows from Pond 5 and the

water surface covered only about 20 percent of the pond area. Since that

time, some of the water from the interceptor wells has been added to the

slurry, increasing the discharge volume to approximately 250 gpm. The pond is

now full and overflows through a discharge line to outfall no. 4. The dis-

charge rate should remain near 250 gpm because of the continued disposal of

interceptor well water which is utilized for makeup water in the neutraliza-

tion plant (Ormet, 1977). To attempt to define a water budget for Pond 5 on

September 1, 1977, Ormet Corporation measured 274 gpm of slurry, containing

24.9 gpm of solids, entering the pond and 216 gpm of effluent discharging to

outfall no. 4. Because these quantities were not precisely measured, it is

not known if the difference, 33 gpm, reflects the total loss.

Leachate Quality

The chemical and physical characteristics of the leachate for Pond 5

varies greatly. The pond water was analyzed daily from January 1975 to pre-

sent and shows that the pH ranged between 2.3 (in response to batch treatment

with acid) and 12.1; fluoride levels were generally below 500 mg/1. An

estimated average leachate quality is shown on Table 2.



WASTE POT LINING STORAGE

Waste pot linings from the aluminum reduction process are stored

east of the plant and north of Pond No. 5 (see Figure 1). The unprotected

storage of the waste pot linings allows them to soften which facilitates

pulverization in the cryolite recovery process. The main constituents of the

waste pot liners include:

Cryolite (Na3AlFfi)
Carbon (C)
Aluminum oxide (Al_0_)

Calcium fluoride (CaF.)
Sodium oxides and hydroxides

Nitrites, carbides and cyanide

The chemical composition is as follows:

Aluminum oxide (A1-0-.)

Carbon (C)
Sodium (Na)

Fluoride (F)

Calcium (Ca)
Silica (SiO-)
Iron oxide (Fe-0-)

18 - 30%
30%
38%

2-4%
2-3%
Trace

(Ormet, 1977)

38%
30%
17%

10 - 15%
1 - 2.5%

0.2 - 1.8%
1.5 - 5%

(Ormet, 1977)

It is reported that during open storage, the fluoride content of the waste pot

linings decreases to approximately 6 percent by leaching from precipitation.

The resultant leachate is estimated to have a high pH and fluoride concen-

tration, with lower concentrations of cyanide and other constituents. Prior

to the detection of high fluorides and increased color of ground water in the

Ranney well in July 1971, Ormet purchased pot lining material from a competitor,



Although no significant chemical difference could be found between the Ormet

pot lining and the purchased pot lining material, it was suspected that the

introduction of that foreign lining may have been partly responsible for

ground water contamination.

Ormet reported that the quantities of stored waste pot linings have

been steadily decreasing since 1968-69 and are at the lowest levels since the

plant's existence. Ormet plans to terminate additional waste pot lining

storage by 1978 and to remove the existing waste pot linings from this storage

by 1979 (Ormet, 1977).

FUGITIVE DISPOSAL

Within the plant area there are several areas of fugitive disposal

which may be a source of ground-water contamination. These areas are:

1. dumps

2. outfalls

3. airborne emissions

4. miscellaneous temporary storage areas.

Dumps

Adjacent to the sludge disposal pond 5, Ormet currently disposes of

construction and plant refuse. The majority of this material is carbon scrap,

refractory brick, and metal (steel) with a lesser amount of wood and paste-

board. These materials are relatively inert and would likely produce little

leachate.
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Outfalls

- Ormet currently utilizes four outfalls (Figure 1) which discharge

effluent to the Ohio River. Outfalls 1, 2, and 3 discharge effluent to the

Ohio River by pipeline or paved spillway. Outfall 4, which receives water

from the carbon plant and from the waste disposal pond No. 5, discharges

effluent to the Ohio River via an open ditch.

Total effluent flows for the outfalls was 2.98 mgd on July 7, 1977

and 3.74 mgd on July 21, 1977. Since July 1977 water samples have been col-

lected for analysis the first and third week of each month. Table 3 presents

chemical analysis of effluent from the outfalls during the two sample periods.

It is believed that the gully containing outfall no. 4 has cut down into or

near the top of the aquifer and that some ground water contamination may be

occurring.

Airborne Emissions

Airborne particles emitted from plant processes consist primarily of

carbon and alumina dust with trace amounts of fluoride. Periodic analysis of

dustfall from a 5-mile radius surrounding Ormet's plant show fluoride levels

less than 1 milligram per cubic foot per month (Ormet, 1977). Thus it is

unlikely that airborne emissions would be a possible source of contamination.

Miscellaneous Temporary Storage Areas

Throughout the plant area spent pot shells are temporarily stored.

These shells are partially cleaned but still contain some spent pot linings.

Exposed to the weather, the pot linings are a potential source of a small

amount of fluoride leachate to the environment.

11



GENERAL SITE CONDITIONS

TOPOGRAPHY AND CLIMATE

The topography at the Ormet Corporation Hannibal plant is character-

ized as a mature river valley with gently sloping alluvial terraces confined

by steeply sloping hillsides. The plant site has an elevation of 665.5 feet

msl with the nearby hills approximately 500 to 600 feet higher. The Ohio

River is about 53 feet deep opposite the plant and has a pool elevation of 623

feet msl.

The climate at the site is essentially continental in nature and is

characterized by moderate extremes of temperature and precipitation. Summers

are moderately warm and humid with occasional days when temperatures exceed

100°F; winters are reasonably cold with an average of about 2 days of sub-zero

weather. The mean annual precipitation of 44.02 inches is moderately well

distributed with peaks in early spring and summer. Mean annual pan evapor-

ation ranges between 40 and 45 inches per year (U.S. Department of Commerce,

1968) with greatest evaporation occurring during June and July. A monthly

summary of average temperature, precipitation, and evaporation near Hannibal,

Ohio, is presented in Table 4.

GEOLOGY

General

The Ormet plant is located on Buck Hill Bottom, a broad alluvial

terrace along the west bank of the Ohio River between river miles 122 and 125.

12



AC this location, the alluvial terrace is about 4 miles long, about one-half

mile wide at the widest point, and pinches out against the bedrock valley wall

at both ends.

Underlying the alluvial terrace are bedrock formations made up of

shales, sandstones, and coals of Permian age. These formations are relatively

impermeable and do not constitute an important aquifer.

Overlying the bedrock are unconsolidated deposits of recent alluvium

and glacial valley train deposits. These deposits consist of sands and gra-

vels with some interbedded clays and silts. The sands and gravels are rela-

~*s' tively permeable and constitute the principal ground water aquifer. The silts

and clays are relatively impermeable and retard or act as barriers to the

ground water flow.

Site Geology

Subsurface information furnished by Ormet Corporation indicates that

the geologic conditions at the site are typical of the general area. Figures

2 and 3 are geologic cross sections showing the subsurface conditions beneath

and near the site. Logs of borings drilled in the Ohio River by Klaer and

Associates (1972) indicate the bedrock elevation beneath the river is approxi-

mately 555 to 560 feet msl near Ranney Well No. 1. Northwest of there, the

bedrock, elevation increases to 602 feet msl at Test Hole 11 (TH-11) and ap-

proximately 700 feet msl near State Route 7.

Overlying the bedrock are fluvial-glacial sands and gravels. These

sands and gravels, which are absent 940 feet south of Ranney Well No. 1,

thicken to the north and obtain a maximum thickness of approximately 80 to 100

13



feet beneath the Ormet plant. Cross section A-A (Figure 2) illustrates the

thickening sands and gravels and the thick wedge of silts and clays near the

Ohio River. This thick wedge of fine material was present in Borings RTH-3,

RTH-8, RTH-9, TH-1, TH-4, TH-8, and TH-9, all located near the Ohio River.

Because of the river meandering near Ormet, the lowest river velocity is along

the northern bank (Ohio side) of the Ohio River and the highest velocities are

located along the West Virginia side of the Ohio River. The difference in

velocities causes deposition of silts and clays on the northern bank of the

Ohio River and was probably responsible for a wedge of low permeability mate-

rial as shown in the north-south cross section (Figure 2). This figure also

shows permeable sand and gravel near the ground surface at Borings TH-6 and

TH-10. Outcrop of the permeable materials provide a possible means for leach-

ate to migrate from the surface to the ground water.

Cross section B-B (Figure 3) shows about 20 feet of relatively clean

sand and gravels near the Ranney well to the east-northeast. These sands and

gravels, locally thin, thicken towards the Ohio River channel because of the

thickening of overlying silts and clays near the river. Although not differ-

entiated in the sections, surface fill has been placed on the southern half of

the site. In the gully at outfall no. 4 the overlying low permeability mate-

rials appear to have been eroded, thus possibly exposing the underlying aquifer.

The average permeability of the sand and gravels is estimated at
2

about 2000 gallons per day per square foot (gpd/ft )(Klaer, 1972), or 9.4 x

10~ cm/sec. However, increased percentages of silts and clays such as found

near the Ohio River decrease the permeabilities of the sand and gravel. Per-
2 -5

meability of silts and clays usually range between 0.2 to 0.002 gpd/ft (10

to 10~ cm/sec).
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HYDROLOGY

General,

Ground water from sand and gravel aquifers along the Ohio River,

such as those near Hannibal, Ohio, are used primarily for industrial, muni-

cipal, and domestic water supplies. The nearest municipal ground water users

are Clarington, Ohio, and New Martinsville, West Virginia. Clarington, located

approximately 8 miles upstream of Ormet, utilized 0.50 mgd in 1969 (Ohio

Department of Health, 1969), while New Martinsville, located approximately 3

miles downstream from Ormet, uses approximately 1.4 to 2.0 mgd. Major indus-

trial ground water withdrawals near Hannibal, Ohio are primarily from the two

Ranney wells owned by Ormet and Conalco and range from 6 to 7 million gallons

per day (mgd).

Prior to the construction and operation of these wells, the natural

ground water gradient sloped from the valley wall toward the Ohio River. The

sand and gravel aquifer was recharged from rainfall falling on the alluvial

terrace, from leakage from the bedrock, and from the Ohio River during periods

of high river stage. During these high stage periods, natural ground water

gradients were locally reversed and the ground water table was recharged by

the rise until the river stage receded.

Site Hydrology

In 1956, Ranney Wells No. 1 and No. 2 were constructed for Ormet

Corporation and Conalco, respectively. These wells had a combined capacity of

15



about 10 million gallons per day. Aquifer tests made prior to their construc-

tion indicated that the coefficient of transmissibility (product of the per-

meability and the saturated thickness) was moderately high and that infiltra-

tion from the Ohio River could be induced within relatively short distances

from the centers of pumpage.

When pumping of the Ranney wells commenced, the water levels around

each Ranney well declined in the shape of an inverted cone. The shape of this

cone of depression is controlled by the rate of pumping, the permeability and

thickness of the aquifer, and the infiltration rate through the river bottom.

At first, the development of the cone of depression was symmetrical, but as

the cone of depression extended under the river, infiltration was induced and

the ground water gradients became steeper near the river; conversely, on the

land side, the ground water gradients became flatter. This extended the

effects of pumping landward to the limits of the aquifer, the bedrock wall of

the valley.

The rate of infiltration through the river bed appears to be lower

than had originally been estimated. This is probably a result of the presence

of the thick wedge of relatively Impermeable clays and silts found along the

northern bank of the Ohio River, the rapid thinning of the sand and gravel

aquifer beneath the West Virginia side of the Ohio River, and the low perme-

able bottom of the Ohio River. Because of reduced recharge available from the

Ohio River, the cone of depression increased in size, extending both upstream

and downstream until it stabilized. In 1966, test drilling in the river

showed the ground water levels were below river level about 2200 feet upstream

from the Ormet Ranney well. This indicates that river sediments are restricting

the movement of water from the river into the aquifer.

16



Present ground water levels, shown on Figure 4, indicate that the

center of the cone of depression around Ranney Well No. 1 is approximately 32

feet below the current river pool. The cone of depression appears to have

increased since 1966, extending out past the disposal pond, approximately 3500

to 4000 feet east-northeast of the Ranney well. Any recharge within the cone

of depression, including contaminates from the disposal pond or the waste pot

lining storage area, would migrate down-gradient toward Ranney Well No. 1.

Normal ground water recharge rates for precipitation falling on

alluvial deposits along the Ohio River range between 0.2 to 0.5 rngd per square

mile of surface area (Whitesides, 1969). Assuming the site area (Buck Hill

Bottom) contains approximately 2 square miles of alluvial terrace, then re-

charge from precipitation would contribute approximately 0.4 to 1.0 mgd.

Because Ormet's and Conalco's wells currently withdraw about 6 mgd, the bal-

ance of the ground water is obtained through induced recharge from the Ohio

River or from man-made sources.

Increases in river stage above normal pool stage are reflected in

ground water level rises which indicates there is some hydraulic connection

between the aquifer and the river. However, decreases in the amount of water

produced by Ranney Well No. 1 may indicate either the laterals are encrusted

or that silting along the river bottom has reduced the hydraulic continuity.

Although most of the water pumped by Ranney Well No. 1 is from induced infil-

tration from the river, the proportion of the water from the river has de-

creased somewhat. This has resulted in a proportionate increase in water

withdrawn from the landward side and in increases in concentrations of con-

taminates. To control these changes in water quality, interceptor wells have

been pumped at higher rates.

17



A potentiometric map made in 1972 by F.H. Klaer, Jr., and Associates

shows the water level elevation beneath sludge disposal pond No. 5 to be at

about 607 feet and near TH-3 to be about 595. Water level measurements in

July 1977 indicated a water level elevation of about 620 feet beneath sludge

disposal pond No. 5 and 609 feet near TH-3. This rise in water levels is

largely in response to increased stage of the Ohio River because of the Corps

of Engineers raising the pool elevation. It is interesting to note that the

ground water gradient on the landward side in 1972 is almost the same as the

gradient in 1977.
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RESULTS OF INVESTIGATION

SOURCE OF CONTAMINATION

An evaluation of existing data, along with site reconnaissance,

indicates that there are three probable sources of contamination. These

sources are:

1. sludge disposal ponds

2. the waste pot lining storage area

3. fugitive waste areas

a. outfalls

b. pot shell storage areas

Sludge Disposal Ponds

The sludge disposal ponds are probably a major source of ground

water contamination. Sludge disposal pond No. 5, which has been operational

since 1967, is known to have leaked. Prior to June 1977, untreated wastes

from the cryolite plant discharged into this pond. Since June, the cryolite

plant wastes have been treated in the neutralization plant before being dis-

charged into the pond.

Slurried wastes were discharged into waste disposal pond No. 5 at a

rate of approximately 65 to 100 gpm from 1967 to April 1977. During that

time, the surface water covered only about 20 percent of the total pond sur-

face, and the pond had no outlet for excess liquid although it seldom over-

topped its embankments. It ia estimated that there could have been up to

about 80 gpm of pond seepage for this period (assuming 44 Inches precipitation

over the entire pond and 42 inches evaporation over 20 percent of the water
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surface and 20 percent solids by weight in the slurry). It is suspected that

some of this leachate seeped from the north side of the sludge pond where

permeable sands and gravels immediately underlie the pond. This leachate

probably migrated into the ground water and was subsequently drawn toward the

Ranney well.

Since April 1977 the volume of slurry discharge has increased to

250 gpm, the pond surface is covered, and a decant line has been installed to

remove excess water to the gully above outfall no. 4. Because of increased

water surface and water surface elevation, the theoretical potential for

seepage has increased. However, because of the volume of water involved and

the relatively small volume of seepage that may be occurring, accurate inflow-

outflow measurements are difficult to make.

The four abandoned sludge disposal ponds probably contribute minor

amounts of contaminates to the ground water. These contaminates are possibly

leached by rainfall percolating through the exposed sludge. Because the

leachate production in these ponds is dependent on the unknown volume of

soluble contaminates still present and the unknown percolation rate through

the sludge, the rate of leachate production cannot be accurately calculated. .

Waste Pot Lining Storage Area

The waste pot lining storage area located north of sludge pond 5

also appears to be a potential contributor to the contamination of Ranney Well

No. 1. Fluoride concentrations in waste pot lining material decrease from

approximately 15 percent Co 6 percent during open storage. Rainfall falling

on this area migrates through the waste pot lining and percolates down to the

ground water table. The leachate would likely have a high pH and would contain
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both fluoride and cyanide. Earlier reports by Klaer and Associates (Septem-

ber, 1972) indicated leachate from the waste pot lining had contaminated the

ground water sampled from Boring TH-14A. The amount of leachate from this

source cannot be accurately calculated since the rate of chemical release from

the waste pot liners is unknown.

Fugitive Waste Areas

The outfalls which discharge water to the Ohio River may contribute

small amounts of fluoride to the ground water by direct infiltration through

the soil. This is particularly true at Outfall 4 where the effluent from the

sludge pond flows into an unlined drainage ditch. This unlined ditch could

allow unknown quantities of contaminates to percolate to the ground water.

The outfall effluent quality and quantities are shown on Table 3.

The open storage in the plant itself of spent pot shells containing

small amounts of pot lining material may contribute contaminates to the ground

water regime through runoff and percolation. The amount of leachate produced

by these spent shells cannot be determined, but it is thought to be relatively

insignificant in comparison to other sources.

LEACHATE QUALITY

An estimate of the quality of leachate generated from the disposal

pond and the waste pot liner area is presented in Table 2. Leachate quality

for outfalls, presented in Table 3, are for two sample periods after treatment

began and probably do not reflect the full range of chemical concentrations.
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Because of dependency on rainfall for leachate production in the abandoned

ponds and stored waste pot linings, leachate quality can only be approximated.

Routine analysis of the pond effluent is performed for fluoride, pH,

and color. Not reported is the organic content which increases the color and

reduces the percent of light transmittance. Oraet Corporation chemists report

that, based on laboratory tests, leachate produced from effluent having a pH

of 8.9 or higher would likely react with natural earth materials, particularly

organic or humic materials, to increase the water color.

EXTENT OF CONTAMINATION >

Water samples for analyses were collected from test holes wells

during February 16-18, 1972, by F.H. Klaer and Associates. The results of

these analyses were used in this study to depict the areal extent of fluoride

concentration as shown on Figure 4. This figure shows the highest fluoride

concentrations, about 900 mg/1 near test wells TH-5 and TH-6 with concentra-

tions decreasing down gradient. It is suspected that present fluoride concen-

trations along a narrow flow path or band near the interceptor wells may range

from 220 to 340 mg/1. This will be discussed later.

Vertical changes in fluoride concentrations in the aquifer were not

analyzed In previous collected soil and water samples. However, it is likely

that fluoride concentrations decrease with depth. This is because the con-

centrations near the source of the fluoride are likely to be higher than

samples from the test wells which tap the basal portion of the sand and gravel

aquifer. This may explain some of the water quality variation that F.H. Klaer
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found during their sampling of test wells in early 1972. Some downconing of

poorer quality water may have occurred as a function of time and rate of

pumping.

MOVEMENT OF CONTAMINATES

After leachate has been generated in source areas it would percolate

downward to the ground water table. The rate of leachate movement through the

unsaturated soil varies according to the amount and duration of precipitation,

the antecedent soil moisture conditions, and the permeability of the soils.

Once in the ground water, the leachate would migrate down gradient. During

this movement, the concentration of contaminates in the leachate would de-

crease down gradient and laterally from the point of entry into the ground

water table. The reduction in fluoride concentrations with distance from the

point of entry is due to the dispersion and dilution of the contaminates.

The pumping of Ormet's Ranney Well No. 1 creates a cone of depres-

sion into which water migrates. Any leachate entering the ground water table

within the influence of the Ranney well would likely be drawn toward the well.

The rate of ground water movement was calculated using the water

level contour map, Figure 5, and a modified version of Darcy's Law:

v » ki/ne

where

v - the average ground water velocity
k * the permeability of the aquifer
i - the hydraulic gradient (from the map)
n - the effective porosity
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Assuming an effective porosicy of 0.15, an average permeability of 2000 gpd/fc"

(Klaer, 1966), and a gradient of 0.0074 ft/ft, a typical ground water velocity

from the center of the sludge disposal pond and the waste pot lining storage

area to the Ranney well was calculated to be approximately 13 ft/day. This

indicates that recharge water from precipitation percolating to the ground

water from the area near the pot liner storage area or the sludge disposal

pond would take about 250 to 300 days to reach the Ranney well. It must be

emphasized that contaminates in the ground water probably migrate at a much

slower rate than the ground water. This is because of retardation of the con-

taminates by physical and chemical attractive forces. Some ions or molecules

oay never migrate to the ultimate point of ground water discharge because they

may be effectively removed from solution by adsorption, cation exchange, or

chemical precipitation.

It is not possible to precisely estimate how long it would take to

flush the contaminates from the aquifer without more time-dependent data.

The potentiometric map shown on Figure 5 was analyzed using flow net

or flow line concepts. The flow lines are perpendicular to the lines of equal

ground water elevation and represent the path a particle of water would take.

The distance between adjacent flow lines is adjusted so that a "square" is

formed with the adjacent ground water contours. That is, the sum of the

length of adjacent flow lines between 2 adjacent ground water contours is

equal to the sum of the length of the 2 adjacent ground water contours between

the flow lines. The quantity of ground water flowing through any square is

equal to that flowing through any other square. This assumes that the aquifer

is homogeneous and isotropic. Although this aquifer system does not quite
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meet these conditions, the error so introduced into the analyses by that

assumption is probably not appreciable. It was found that there are 21 flow

paths or squares surrounding the cone of depression formed by pumping the

interceptor wells at 500 gpm and the Ranney well at 1350 gpm. Therefore, each

flow path is equivalent to about 90 gpm contribution to the cone of depres-

sion. Because the flow paths diverge with distance from the center of pumping,

I to 1-1/2 flow paths cover the entire area of suspected ground water contami-

nation. This means that about 100 to 150 gpm of ground water flows through

the area of the source of contaminates. Thus, the contamination is transpor-

N— • - ted by about this quantity of water.

If a mass balance is applied to the present fluoride concentrations,

it is estimated that the concentration of fluorides in the ground water along

the contaminated flow path is 220 to 340 mg/1.

FLUCTUATION OF LEVELS OF CONTAMINATION

The amount of contamination reaching the Ranney well varies due to

changes in:

1. the leachate production rate,

2. the stage of the Ohio River, and

3. the pumping rate of the Ranney and interceptor wells.

Leachate Production Rate

The leachate production rate from the abandoned sludge disposal

ponds and the waste pot storage varies due to frequency and duration of preci-

pitation, evaporation, and soil moisture conditions. Frequent, heavy preci-

pitation (usually experienced during the spring and fall) potentially flushes

25



greater quantities of contaminates into the aquifer than during drought con-

ditions. The lowest rate of leachate production would occur during the late

summer when evaporation is the greatest and precipitation is the lowest.

During the winter months, recharge to the aquifer decreases because of the low

permeability of frozen sludges and soil, and little available water due to

unmelted snowfall. This was probably true during the severe winter of 1977.

The rate of leachate production from waste disposal pond No. 5 is expected to

be nearly constant because of its constant head of water. Figure 6 shows the

concentrations of fluoride in water from the Ranney well and the interceptor

wells. There is an inference that the concentrations of fluoride are higher

from February through May. This could be the result of a time lag from high

precipitation periods of the previous year.

Stage of the Ohio River

Fluctuation in the Ohio River stage affects ground water gradients,

which in turn alters the rate of induced recharge to the aquifer. Because of

the pumping of the Ranney well the natural ground water gradients have been

locally reversed. The majority of water pumped from the Ranney well is ob-

tained through induced recharge from the Ohio River. Increases in river stage

temporarily create steeper hydraulic gradients from the river and allow greater

quantities of river water to enter the aquifer through induced recharge.

During low river stage there is less induced recharge, and less dilution of

contaminated ground water. Generally the highest river stages are observed

during the spring of the year, with lowest stages observed in September and

October. It is believed that some silt layers on the river bottom prevent the
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full inducement of the river water to the Ranney well. The recent pool level

increase has probably increased the rate of silting. Thus changes in river

stage may have indirectly caused a subtle change in ground water quality.

Pumping Rates of the Ranney and Interceptor Wells

Because of increased production, water requirements of Ormet's plant

have increased since 1957. Initial quantities of water produced by Ormet's

Ranney well were sufficient for the plant's sanitary and process requirements.

Increases in ground water withdrawals and decreases in the contribution from

the river has created additional water level declines and a larger area of

influence. This likely has resulted in a larger percentage of contaminates

being drawn toward the Ranney and interceptor wells.

27



SUMMARY AND CONCLUSION

GENERAL-

The contamination of the ground water with high concentrations of

fluoride, cyanide, and organics and high pH and color, is the result of waste

disposal or storage practices upgradient of the Ranney well. The source of

ground water contamination is believed to be mainly from the sludge ponds, the

number 4 outfall, and the waste pot lining storage area. However, there are

not sufficient data to quantify these suspected source areas. The possible

contamination from outfall 4 is by direct percolation of effluent. The other

sources of contamination are mainly from the generation of leachate by solu-

tion of contaminates by precipitation and from the effluent itself. The

leachate is caustic, has a high pH and contains high concentrations of fluor-

ide. Some cyanide is also produced. If the effluent and the leachate are

caustic and above pH of 8.9, Ormet Corporation reports organics would be

leached from the soil which would cause increased color to ground water.

It is likely that some of the contaminates enter the ground water

aquifer along the north side of the No. 5 sludge disposal pond. There may be

some contribution from old abandoned and filled sludge ponds. Soil borings by

Klaer and Associates indicate that shallow permeable sand and gravels near the

sludge ponds and pot lining storage area would provide a path for leachate

percolation to the water table. Once in the ground water, the contaminates

migrate downgradient toward the Ranney and interceptor wells. The ground

water takes about 250 to 300 days to migrate from the suspected contaminate

source area to the interceptor wells. However, the contaminates would be
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retarded and move more slowly with dilution and dispersion decreasing the

concentrations of the contaminates. Most of the contaminated ground water is

captured by the interceptor wells and does not reach the Ranney well.

IMPACT

Data indicate that the contamination of the Ranney well will con-

tinue as long as leachates are produced in the sludge ponds, the waste pot

lining storage area, and from the suspected percolation of effluent from

Outfall No. 4. Natural flushing of the aquifer is not expected to reduce

contamination levels until leachate production is eliminated or substantially

reduced. Some reduction in contamination levels may occur since wastes from

the cryolite plant are being neutralized and the stockpile of stored pot

linings is steadily being depleted. However, continued pumping of the inter-

ceptor wells will be necessary to protect the Ranney well until residual

contamination is removed.

Concentrations of fluoride have been found in the ground water at

Orraet as much as 500 times greater than the Public Health Department Drinking

Water Standards of 0.7 to 1.2 mg/1. National limits for cyanide of 0.01 mg/1

have also been exceeded (Standard Methods, 1971). Sanitary water presently

used at Ormet (from Conalco's Ranney Well No. 2) meets Public Health Depart-

ment Drinking Water Standards.

The pumping of the interceptor wells to remove contaminates reduces

the quantity of water available for use at Ormet. It is believed that yields

from Ranney Well No. 1 should not decrease appreciably over the next few

years. Tentative planned future reductions in water needs at Ormet by as much
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as 50 percent should improve the water supply situation from a quantitative

standpoint. However, until the reduced consumptive water use by Ormet is

instituted, process water demands must be supplemented from Conalco. The

interceptor wells and the Ranney wells should continue to be used, as long as

contamination is evident and regardless of Ormet's water needs, to safeguard

the quality of ground water used by Conalco.
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INVESTIGATIVE PROGRAM

- The reports from studies conducted by Fred H. Klaer, Jr., & Asso-

ciates were very useful and contained meaningful data and conclusions.

Unfortunately, little data have been collected since early 1973. It is

strongly recommended that a monitoring and investigative program be instituted

prior to commencing any remedial measures. This is because the existing data

base is not complete enough for other than a general evaluation and not suf-

ficient to formulate detailed methods and plans, and to make an assessment of

success of remedial measures. So more complete and current data should be

obtained to more accurately identify, formulate, and assess remedial plans.

To allow for maximum flow of the most pertinent data early in the

investigative program, it is recommended that a phased program be adopted.

This phased program would be cost effective inasmuch as some work items of

later phases may not prove necessary.

PHASE I

1. Measure the water levels in all wells prior to collecting water
samples as a means of assessing ground water gradients in res-
ponse to pumping, precipitation, and river stage. This data
would be used to determine rate and direction of ground water
movement.

a* Measurement should be made using a steel tape and chalk or
an electric water level tape.

b. Subsequent monthly measurements should be made and the
data should be tabulated for each well and a hydrograph
kept current showing rainfall, river stage, and pumping
rates of the interceptor wells and the Ranney well.

c. Annually, all wells at Orraet and Conalco should be mea-
sured and a potentiometric map constructed to show ground
water flow patterns and distribution of recharge and
discharge areas.
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2. Collect water samples from all monitoring wells as a means of
identifying source and extent of ground water contamination.

a. The wells should be pumped a sufficient time to empty at
least twice the volume of the water contained in the
casing before the sample is collected. Samples should
also be collected every 30 minutes for a period of 2 hours
to establish the optimum sampling time after pumping
begins.

b. The water samples should be analyzed for fluoride, cya-
nide, ammonia, total dissolved solids, hardness, chlor-
ides, color, and pH.

c. Water samples of runoff and from puddled water and seeps
throughout the waste sites should also be collected.

d. All analyses should be tabulated and used for constructing
maps and cross sections of the water quality data.

e. Subsequent monthly water samples should be collected and
analyzed and the data for each well should be tabulated
and graphs kept current.

f. An annual water sample should be collected and analyzed
for the above constituents or parameters plus calcium,
magnesium, manganese, iron, sodium, potassium, alkalinity,
total organic carbon, and phenols.

3. Four or five percolation tests should be made in each of the 5
waste disposal ponds, in the waste pot storage areas, and along
the bottom of the gully along Outfall No. 4 to determine the
in-situ permeability of the materials as a means of assessing
the potential for infiltration of leachate.

4. Samples of shallow soil and waste sludge should be collected
during the digging of holes for the above percolation tests and
by hand augerlng to depths of about 8 to 12 feet and used for
particle-size analyses, consolidation and unconfined shear
tests, and Atterberg limits, chemical analyses, and leachate
column testing. This information will assist in determining
the chemical and physical properties of the materials and in
assessing the potential adsorption and release of contaminates
from the materials as leachate.

a. Chemical analyses would include cyanide, fluoride, and
ammonia.
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b. The column tests would subject samples of soil or waste
sludge to percolating distilled water. Samples of the
resulting leachate and the leached soil or waste would be
analyzed for cyanide, fluoride, ammonia, TOC, color, and
pH as appropriate.

c. The strength tests will be used to evaluate the physical
properties of the sludge and to determine the feasibility
of using the abandoned sludge ponds for other purposes
such as open material storage or parking lots.

5. Conduct a reconnaissance of nearby sources 6f clay borrow
material for liner and cover material. Surface samples should
be obtained for visual inspection.

6. Compile and evaluate the results of Phase I field and labora-
tory studies to determine if remedial alternatives can be
formulated and assessed or if all or part of the Phase II
investigation would need to be performed.

PHASE II

1. Drill borings at about 10 locations and install one or more
screened monitoring wells at each site. These prospective
sites are tentatively shown on Figure 7. The drilling is
necessary because some of the test wells previously drilled
have been destroyed, or are not available for monitoring and
need to be replaced. Data are needed at other locations not
presently being monitored. The borings will also permit a much
better definition of geologic materials than previous borings.
The exact location of the borings would depend, in part, on the
results of Phase I.

a. Individual monitoring wells should be constructed with
screens gravel packed and casings grouted so as to tap the
aquifer at different levels. This would establish ver-
tical distribution of contaminates and different head
potentials.

b. Perform laboratory permeability tests of low permeability
materials overlying the aquifers to assess percolation
rates at intermediate depths.

c. Include new monitoring wells in monitoring program (Items
1 and 2, Phase I).



2. Install equipment and monitor daily inflow of slurry and out-
flow of effluent from waste pond No. 5. This data would be
used to assess the leakage from the pond.

3. Investigate vertical and lateral extent and properties of
nearby clay sources to be used as cover or liner material of
present or future waste sludge disposal sites.

a. Drill about 10 borings from 15 to 30 feet deep and collect
soil samples for laboratory testing.

b. Laboratory testing of about 10 samples for consolidation
and permeability properties.

4. Evaluate the above generated information and data, including
incorporation of results of Phase I data collection program, to
identify and quantify to the extent possible the sources of
ground water contamination. The 'investigation could possibly
include analyzing the data using a digital computer model to
simulate the ground water flow system.

PHASE III

Evaluate the technical and economic feasibility of mitigating alter*

natives and formulate general recommendations and conceptual plans. This

would be done after the evaluation of the geohydrologic system and the extent

of contamination has been performed.

INVESTIGATIVE PROGRAM COSTS

The costs for conducting the Phase I and Phase II investigative

programs are based on Dames & Moore and their subcontractors performing all of

the outlined work. It is assumed that Ormet Corporation personnel will be

unavailable to perform any field or laboratory tasks. This assumption in-

creases the cost of certain work items appreciably, especially those items

pertaining to collection and analyses of water samples. The costs are as

follows:



PHASE I - Item 1 $ 2,800
Item 2 22,000
Item 3 2,800
Item 4 11,000
Item 5 800
Item 6 4,500
TOTAL $49,900

PHASE II - Item 1 $54,500
Item 2 5,500
Item 3 6,000
Item 4 13,500
TOTAL $79,500

These estimated costs are on a time and expense basis and include costs for

drilling, laboratory testing, travel, subsistence, and equipment. Because of

many uncertainties, professional service for Phase III cannot be accurately

estimated at this time but is believed to range from $12,000 to $15,000.
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ALTERNATIVES TO MITIGATE CONTAMINATION

- As previously stated, the contamination of the Ranney well will con-

tinue as long as leachate is produced in the sludge ponds, the waste pot

lining storage area, and from the suspected percolation of effluent from

Outfall No. 4. It is recommended that mitigating measures to eliminate con-

tamination of the ground water supply eventually be implemented. The inves-

tigative program should first be accomplished and analyzed before formulating

mitigating actions. However, it is believed that some of the possible miti-

gating actions may be as described in the following paragraphs.

STABILIZATION OF THE WASTES

Wastes presently in the waste disposal ponds could likely be stabi-

lized by either covering with clay cover or by encapsulation to prevent leach-

ing of contaminants by precipitation.

Clay Cover

A minimum of 2 feet of compacted clay cover placed over abandoned

ponds would substantially reduce rainfall percolating through the landfill and

subsequent leachate generation. This cover should probably be placed in 6-

inch lifts with each successive lift placed perpendicular to the preceding

one. Extreme rises in river stage could possibly saturate the bottom portions

of the sludge, causing some release of contaminants. It is likely a clay

cover should be installed over the pot lining storage area also. Grading of

the sludge and the pot lining storage area surfaces should precede installing

the cover to prevent surface water ponding.
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Encapsulation or Lining of Sludge Ponds

Contaminates in the waste disposal ponds could be contained by using

either an impermeable, nonreactive membrane or compacted clay to eliminate

seepage of leachates to the sand and gravel aquifer. The purpose of encapsu-

lation is to seal the bottom and to ultimately limit leaching of the soluble

wastes by physically keeping rainwater from contacting the wastes. Ideally,

the impermeable material should completely encapsulate the chemical wastes to

minimize leaching.

Encapsulating landfills is technically feasible and is viewed favor-

ably by regulatory agencies. It is, however, somewhat questionable if the

regulatory agencies would permit a new landfill using this technology at this

site; however, mitigating an existing landfill would probably be acceptable.

This is mainly because regulatory agencies are striving to locate disposal

sites on relatively impermeable soils and not over gravels and sands associ-

ated with river sediments.

CHEMICALLY NEUTRALIZE SLUDGE

There is a reasonable possibility that the largely untreated sludge

in the 5 sludge disposal ponds could be chemically neutralized to reasonably

acceptable levels. Considerable testing would be necessary to identify the

extent and properties of the sludge and to formulate an optimum neutralization

method. The neutralization could be done in-situ with or without mixing

chemical additives with the sludge. Depending upon the type and amount of

chemical additives and the need for mixing, neutralization could range in cost

from moderate to very expensive.
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EXCAVATION AND REMOVAL OF EXISTING WASTES

- The chemical and physical wastes present in the sludge disposal

ponds and the waste pot storage area could, if proven to be unmanageable by

other means, be removed and disposed of in properly constructed landfills not

adjacent to permeable materials along the Ohio River, This would involve the

acquisition of property under which the soil material was relatively imper-

meable and on which recharge was limited.

The removal of waste and subsequent deposition in a certified waste

landfill would probably be the most acceptable alternative to the regulatory

agencies. There would likely be appreciable environmental disturbance during

the excavation which could result in abnormally high quantities and concen-

trations of slugs of leachate reaching the ground water system. This alter-

native would also be very costly.

INTERCEPTOR WELLS

About four interceptor wells could be installed in a north-south

line south and west of Test Hole 11 to capture any leachates migrating from

the sludge ponds and waste pot storage area toward the Ranney well. The

discharge from the interceptor wells should be treated to reduce the level of

contamination. The method has an advantage of an attractive first or capital

cost and would likely be quite efficient. Its disadvantage is that it would

require a moderate continuing maintenance and operating cost, would require

the construction of a water treatment facility, and the method treats the

effect but not the cause of contamination.
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Another modification of the interceptor concept is to pump the 8-

inch well at about 100 to 200 gpm and discharge the water into the neutrali-

zation plant, thence to sludge pond No. 5. It is believed that pumping there

could intercept much of the leachate-contaminated ground water. Until more is

understood about the source(s) and mechanism of contamination, an evaluation

of the effectiveness of the pumping is not possible. It is believed, however,

that about 100 to 150 gpm of contaminated ground water is migrating from the

area near the 8-inch well to the interceptor well.

RECHARGE SARRIER

A recharge barrier would create a hydraulic barrier to most of the

contaminate migration towards the Ranney well. By increasing the ground water

levels in the gully near Outfall A, the hydraulic gradients would be reversed

causing contaminates to largely migrate to the Ohio River. The barrier could

likely be formed by recharging river water through pits or ditches.

This method would not reduce local aquifer contamination beneath the

sludge disposal ponds or the waste pot storage area but would isolate most of

the leachates from the Ranney well. It cannot be accurately determined at

this time if some bypass leakage would occur. This method would require a

moderate first cost and moderate maintenance and operating costs.

STRUCTURAL BARRIER

Leachate migrating from the waste disposal areas could possibly be

prevented from moving downgradient to local pumping centers by constructing a
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grout curtain, a slurry wall, or driving sheet piles down to bedrock along a

north-south line from TH-11. The slurry trench method would involve excava-

ting a deep narrow trench through the sand and gravel aquifer and backfilling

the trench with a low permeability slurry such as bentonite mud. These tren-

ches would range in depth from 60 to 100 feet at the landfill site.

A grout curtain is another possible method of reducing the per-

meability of the aquifer around the perimeter of the landfill. Grouting

methods involve drilling a line of small diameter holes into the permeable

zones of the aquifer. Grout, either cement or chemical, is injected under

pressure into the permeable sands and gravels forming a "wall" of very low

permeability materials around the landfill. Steel pilings could be driven

from the ground surface to bedrock to form an impermeable barrier to leachate

migration.

The grout curtain and piles probably have only moderate acceptance

possibilities by regulatory agencies because of the uncertainties of com-

pletely isolating the subsurface beneath the landfill. There may also be

problems with reactions between the chemical grout and the leachate. The

slurry trench concept is believed to have a moderate acceptance potential with

regulatory agencies. These methods would have an extremely high first cost

but low operating cost.

OUTFALL CONTROL

It is believed that outfall No. 4 carrying effluent from waste

disposal pond No. 5 should be piped to the river and not permitted to possibly

percolate into the aquifer. This could be an effective low cost means of
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SUGGESTED PROGRAM

- The following suggested program is listed in order of its priority

(the highest priority item listed first) for consideration.

1. Implement Phase I Investigative Program.

2. The Ranney well laterals should be inspected to determine if
incrustations have reduced infiltration. The Ranney well
company stated that they commonly send a diver into the Ranney
well to inspect the installation and to measure the velocity of
flow from each lateral. If incrustation of the laterals is
suspected, mechanical or mechanical and chemical treatment and
cleaning would likely be beneficial. Normally the well is out
of production for 36 to 48 hours at a minimum.

3. Continue the rate of removal of the remaining stored waste pot
linings or move the waste pot linings to a covered and floored
storage area. Fugitive in-plant wastes which could be a source
of ground water contamination should be stored in covered areas
where rainfall cannot generate leachate.

4. Complete Phase I Investigative Program and evaluate if Phase II
is required or if sufficient information is available to formu-
late alternatives to mitigate ground water contamination. If
Phase I is sufficient, formulate these alternatives. If Phase I
is not sufficient, implement Phase II.

5. Outfall 4 effluent should discharge to the Ohio River via
pipeline or asphalt line ditch. This would reduce possible
percolation into the water table. This should be done only
after the Phase I Investigative Program has been completed.
Agency requirements for point discharge must be considered.

6. Encapsulate any future waste disposal ponds and place a clay
cap over the abandoned waste disposal ponds to reduce leachate
production. This should be done only after the results of
Phase I and/or Phase II Investigative Program(s) indicates such
measures are effective and needed.
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reducing potential contamination from that source. It is assumed that the

cognizant regulatory agencies are aware and in agreement with the present out-

fall discharge to the Ohio River.

RELOCATION OF WATER WELLS

New water supply wells could probably be drilled east of the sludge

disposal pond near Test Hole 12. This area would probably have potential

production rates similar to the area at Ranney well No. 1. However, the

resultant withdrawals would probably reverse existing ground water gradients

causing contaminants to migrate toward the new wells. Until the source of

contamination is eliminated or reduced, large scale pumping in this area is

not encouraged. It is probable, however, that 500 or 600 gpm of water for

sanitary purposes could be developed, although more data and analyses would be

necessary to more precisely predict the success of such a facility.

SUGGESTED ALTERNATIVES

It is recommended that an investigative program be conducted to

assess the source and controls of ground water contamination before any sig-

nificant remedial efforts are made. However, based on our evaluation of the

United data and information at hand, It is our opinion that the lining of any

future operating sludge disposal pond (and eventual cover), a clay cover over

the abandoned ponds, and piping of effluent from outfall No. 4, may be the

most favorable alternatives to alleviate ground water contamination. Con-

struction of the above alternatives would not eliminate the use of the present

interceptor wells until the residual contamination in the aquifer has diminished

to acceptable levels.
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TABLE 1

PROCESS WATER USAGE AT ORMET CORPORATION HANNIBAL PLANT

Rectifiers, Potlines 1-5

Rectifiers, Potline 6

Rod Room

Anode Presses

Green Mill

Steam Make-up

I.R. Air Compressors

Elliott Air Compressors

Carbon Baking

Cryolite Recovery

Reference: Ormet, 1974.

Max.
Des. Flow

1800 GPM

700

210

50

60

70

240

150

150

Measured
9/10/68

1280 GPM

500

80

40

50

50

130

110

50

110

3430 GPM 2400 GPM



TABL" ̂

ESTIMATED LEACHATE QUALITY PROVIDED BY THE SLUDGE DISPOSAL POND
AND THE WASTE LINER STORAGE AREA

Disposal Area

Sludge Disposal
PonJ* (prior Co
neutralization plant)

Sludge Disposal
Pond** (after
neutralization plant)

Waste Pot Lining
Storage

ra:T-i£3r Measured

PH
Fluoride (ppm)
Transnittance
Cyanide

pH
Fluoride (ppm)
Transmitcance
Cyanide

pH
Fluoride (ppra)
Cyanide (ppm)
Transmittance

Average Jlange of Par:*-:r.-; -.

10.5-10.7
1,100-1,400

0
trace

6.5-7.5
19-400
unknown

0

10
unknown

urace
unknown

*
Leachace value for all sludge disposal ponds,
t
Leachate value for presently operating sludge pond since May, 1977.



TABLE 3

OUTFALL FLOW RATES AND CHEMICAL ANALYSIS

July 7, 1977 Sarr.ola

Outfall

ToCal suspended solids
(ppm)

Fluoride (p?m)

Flow (MGD)

Temperature (°C)

pH

July 21, 1977 Samole

Outfall

Total suspended solids
(ppm)

Fluoride (ppm)

Flow (MOD)

Temperature (°C)

PH

1

16

14

1.09

28

7.3

1

84

24

1.19

29

7.2

2

62

44.3

0.62

39

6.7

2

12

20

1.07

41

7.4

3

169

66.8

0.06

28

8.5

3

919

151

0.10

24

6.0

4

97

23.3

1.21

28

6.8

4

29

44

1.39

27

7.2



TA3LR k_

MEAN MONTIU.v T~M?E:j.ArjRE, PRECIPITATION, AND
EVAPOKATUM NEAR IU: ; : IL2AL. O H I O

January

February

March

April

May

June

July

Augus t

September

October

Noveaber

December

Annual

Prec ip i ta t ion*
(inches)

3.73

2.92

4.05

3.60

4.21

4.54

4.47

4.57

3.10

2.52

2.91

3.40

44.02

Temperatura*
(degrees)

34.7

35.0

42.8

53.2

63.8

72.9

76.1

74.6

68.0

56.8

44.1

34.8

52.9

Ew.:>or:- :. :.i)-.i

-

-

-

-

5.24

6.05

6.05

5.23

4.13

2.79

-

-

40-4 5 f

*
Measured at New Martinsville, West Virginia (U.S. Department of Commerce,
1974).

**
An average of pan evaporation "rates measured at Senecaville Lake,- Ohio for
the period of 1972 through 1976 (NOAA). Measurements were only made fror.
May to October.
Mean annual pan evaporation (U.S. Department of Commerce, 1963),
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sampler, relatively undisturbed samples were obtained from

the borings and test pits for soil testing and leachate extract.»
analysis. Table 1 lists the depths and results of physical

testing of sludge and soil samples in the laboratory.

The water levels in seven wells were measured by

Ormet personnel, abbreviated water level drawdown and recovery

tests were made in response to pumping, and water samples were

taken for analysis during the pumping of the wells. The series

of drawdown tests were conducted and water samples collected

twice, on or about August 25, 1978 and November 9, 1978. The

construction features of the wells and water levels are listed

in Table 2 and the results of the water analyses are listed in

Table 3. Ormet Corporation also made chemical analyses of

leachate from sludge samples. The results of which are shown

in Table 4.

RESULTS OF INVESTIGATION

WATER QUALITY

Ormet Corporation, at Dames & Moore's direction,

collected ground water samples for laboratory analyses from

all available wells and from puddled water on the plant site.

Well water samples were to have been taken after 2, 4, 6 and

8 casing volumes had been pumped from the well. This was

suggested in order to flush the casing, to evaluate any possible

layering of contamination in the aquifer near the well, and
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to assess the integrity of the well. However, in some cases

water samples were collected at less than the volumes specified.

This-was in part due to low specific capacities (productivity)

of the individual wells with respect to the pumping equipment

used. In those cases, the pumping water level would rapidly

decline to the pump intake curtailing further pumping at the

normal pumping rate of 10 or 12 gallons per minute (gpm) . The

discharge line should have a valve at the surface to lower the

pumping rate and sustain withdrawal thus preventing overpumping

the welll.

Results of the analyses of the ground water samples

are shown in Table 3 and the sampling locations are on Figure 1.

The analyses showed that water from the wells nearest to the

disposal areas, the 8-inch well and wells TH3 , TH7, and TH11

contained the highest fluoride (8.6 to 64.8 mg/1) and dissolved

solid (500 to 3500 mg/1) concentrations. However, water from

well THIS as sampled in August 1978 also contained high fluo-

ride (47.4 mg/1) and dissolved solids (400 mg/1) concentrations.

Subsequent sampling and analyses of water from THIS showed

fluoride concentrations of from 2.4 to 4.6 mg/1. The validity

of the water samples collected in August from well

THIS is suspect. Poor quality water should be intercepted by

the Ranney and the interceptor wells and should not reach well

THIS unless there is an unknown source of contamination.

Transmittance (0 to 24 percent) was very low for water from the

above wells, except for well TH3 (79 to 81 percent). Hardness

values for the wells were generally 'high ranging from 30 to 255
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mg/1. Chloride concentrations which ranged from 39 to 84

mg/1 were below U.S. EPA National Interim Drinking Water

Standards. Cyanide was below or near detection limits (<0.01

mg/1), except in the first sample from the 8-inch well where

it was 0.02 mg/1. Values of pH ranged from 6.6 to 9.5.

Ammonia was detectable only in wells TH4 and TH11, which are

near the waste pot lining storage areas and in wells TH12

and THIS.

Table 3 also lists the ranges of fluoride and chloride
i

concentrations and ranges of transmittance and pH levels from

chemical analyses performed in 1972. The current levels of

those constituents in the ground water indicate an improvement

in ground water quality since 1972. Fluoride concentrations

have decreased markedly in ground water samples from the 8-inch

well and wells TH3, TH7, and TH17. The August 1978 contaminant

concentrations in well THIS is discounted. The degree of light

transmittance has not changed significantly in any of the ground

water samples. Units of pH have remained constant or decreased

1 to 2 units, except in ground water from well TH12 where it

has increased 1 to 2 units. Chloride concentrations are much

lower than 1972, except in wells TH12 and TH17, where increases

by a factor of about 1.5 to 4 have occurred.

The improvement of ground water quality can probably be

attributed to the neutralization treatment of the effluent con-

taining the sludge before it is discharged into the disposal pond,

the partial stabilization of abandoned disposal ponds and the

continued removal of sources of contaminants such as waste pot
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linings. Although there has been an increase since 1972 of pH

in well TH12 and of chloride in wells TH12 and TH17, only

the additional fluoride constitutes a deterioration of the

water with respect to the standards listed in Table 3. Chloride

concentration and pH levels are still within the standards.

Only ground water from wells TH12 and TH17 do not substantially

exceed National Interim Drinking Water Standards for fluoride

and only ground water from TH12 and THIS contains less than the

standards for dissolved solids. All samples from the wells

except wells TH3 and THIS are within the pH range of 6.0 to

9.0, and all samples contained less than 250 mg/1 chloride.

Water samples from puddles were found to be of much

worse quality than the ground water samples from the wells.

Fluoride concentrations ranged from 314.0 to 3,340.0 mg/1;

dissolved solids, 5,800 to 42,000 mg/1; hardness, 0 to 45 mg/1;

transmittance, 20 to 95 percent; pH, 9.4 to 10.7; chloride,

43 to 137 rag/1; cyanide, 0.02 to 31.0 mg/1; and ammonia,

0.74 to 12.80 mg/1. These concentrations indicate a badly

polluted potential surface source of contamination. Fortun-

ately, the source is of limited extent and also the ground

surface and bottom of many of the puddles are compacted by

vehicle traffic so that downward percolation is inhibited.

However, this potential source of ground water contamination

should not be lightly dismissed and efforts to ensure rapid

plant drainage to prevent accumulation of contaminated water

should be encouraged.
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SOURCES OF CONTAMINATION

Waste Disposal Ponds

The shallow subsurface at the five waste disposal

ponds, the waste pot lining storage area, and the gully at

Outfall No. 4 was investigated by borings and test pits.

Field tests of the sludge material in the waste disposal ponds

found that the material has a moderately low permeability
-4ranging from 4.0 x 10 centimeters per second (cm/sec) to

-5 -42.9 x 10 cm/sec and averages 1.3 x 10 cm/sec. The test .

results are listed in Table 5. Three laboratory falling head

tests of the sludge material (Table 1) resulted in an average

permeability of 4.6 x 10 cm/sec. This value is about one-

half the order of magnitude lower than the average of the field

permeability test results. This is probably due to some con-

solidation and packing during sample collection and transport.

Based on these field and laboratory test results, the perme-

ability of the sludge is moderately low but sufficiently high

to permit infiltration of water through the sludge.

Typically, the sludge surface is dry to a depth of

8 to 10 inches when not covered by standing water. Below 8

to 10 inches, the sludge is saturated thus indicating the

sludge retains moisture and does not drain readily. The result

of other laboratory tests, to be discussed more fully later,

showed that for a sludge sample from 5.5 to 7.0 feet at SB3 in

disposal pond 4 the moisture content was 66.3 percent (Table 4).
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Thus, the infiltrating water is inhibited and the physical

flushing of the sludge is likely to be very slow.

The average infiltration rate in the abandoned

sludge disposal ponds is assumed to be about 15 inches per

year. The remaining 29 inches per year average precipitation

is dissipated through evaporation and runoff, (Dames & Moore,

1977, Table 4). The permeability is quite sufficient to allow

that quantity of water to infiltrate. This would result in

the same quantity of water escaping from the pond as seepage,

largely to the ground water.

Sludge Leachability

Analyses of leachate from testing the sludge, listed

in Table 4, indicated concentrations of constituents similar

to those in the ground water samples. Fluoride ranged from

2 to 218 mg/1; dissolved solids, 200 to 2,400 mg/1; cyanide

<0.01 to 0.45 mg/1; and ammonia, <0.01 to 1.52 mg/1. For more

than half of the samples, the first leach, although not sig-

nificantly higher. The highest concentration of fluoride in

the leachate from all the samples was from a sludge at SB5 at

about 5 feet. There is no direct indication that the leach-

ability of the source material increases with depth.

The chemical characteristics of the sludge material

is not clearly known. Tests were made to assess the leach-

ability of various constituents of the sludge in order to

attempt to quantify the mass of contaminates percolating to

*
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the ground water system as a measure of the contamination

potential of the waste disposal ponds.

The chemical and physical characteristics of the

sludge and the percolating waters and the types and concentra-

tions of the different fluoride compounds control the amount

of fluoride ions flushing from the sludges to the ground water.

Calcium ions from lime and fluoride ions from the effluent

precipitate as calcium fluoride, CaF.. After equilibrium is

established, this reaction provides a chemical mechanism to

control the concentration of fluoride ions that can be flushed

from the sludge. Aluminum also forms strong complex ions such

as A1F++ with the fluoride ions. The stability of CaF. is

highest at a pH of about 7 to 9. If the pH becomes strongly

acidic, disassociation may take place and excess fluoride may

be released. Of interest is the relative stability of the

fluoride ions implied by the results of the leach tests. The

amount of water added to the sample during each test was about

50 or 60 pore volumes of the sludge sample and yet the second

leach test of the same sample commonly did not result in a

substantial decrease in effluent concentrations. There is an

implication that there is likely a pH-controlled equilibrium

between the effluent water and calcium and fluorides concentra-

tions which limit the concentration of those ions in the efflu-

ent. Conversely, if such an equilibrium does not exist, then

the second leach test of the same sample would result in a

much lower concentration of fluoride. Under that assumption.

10
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the amount of fluoride released would be substantially diluted

by the excess pore volume of added water. Thus, the test

results are not entirely conclusive but can be used as a guide

for formulating future testing procedures.

It must be concluded that the sludge ponds are

sources of fluoride contamination to the ground water. The

present concentration of fluoride in the ground water correspond

similarly to concentration of fluorides from the leach test

possibly reinforcing the belief that under present ranges of

pH that an equilibrium between the fluoride and calcium likely

exist. The higher concentration of fluoride in the ground water

in 1972, up to 900 mg/1, can not be readily explained unless they

were the result of the effluent to the ponds under pre-neutral-

ization plant conditions and from the pot lining storage area.

The highest concentrations of fluoride in the ground

water is in the vicinity of the 8-inch well, and wells TH3 and

TH7, all of which are within 200 feet of a disposal pond. Thus,

it is likely that the disposal ponds are contributing fluoride

to the ground water. The higher concentration of fluoride in

the 8-inch well suggests that waste disposal pond no. 5 is

responsible for much of the current contamination.

Ground water samples from well TH11, which probably

represent the effluent from the waste pot storage areas, con-

tain lower concentrations of fluoride than ground water from

the 8-inch well and wells TH3 and TH7. This suggests that the

waste pot storage areas are not now the major source of fluoride.
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However, the original pot lining material rapidly leached

fluorides which exposed to precipitation. This could have

contributed substantial amounts of fluoride to the system

earlyon.

Pits SB8 and SB9 within the gully near Outfall No.

4, found clay within 3 feet of the surface. This clay should

effectively retard infiltration of contaminants from Outfall

No. 4 to the ground water in the aquifer in this area.

An estimated fluoride mass balance shows that the

amount of fluoride being removed from the ground water by the

interceptor and Ranney wells is much greater than the amount

that appears to be entering it through the sludge disposal

ponds. The interceptor wells, pumping a high average of 500

gpm of water that contain about 80 mg/1 of fluoride, removes

about 1.8 x 10 pounds of fluoride per year. The Ranney well,

pumping 1350 gpm of water that contains 2.8 mg/1 of fluoride,
4

removes about 1.6 x 10 pounds of fluoride annually. Thus,

there is a total of 1.9 x 10 pounds of fluoride being removed

by the wells annually. The combined area of ponds 1-4 is
2232,000 ft (Dames & Moore, 1977, p. 6), and, if an estimated

15 inches of precipitation flush water containing an average

of 40 mg/1 of fluoride (estimate from Table 4) then about
27.3 x 10 pounds of fluoride enters the ground water from

pond 1-4 annually.

The amount of fluorides being contributed by Pond

No. 5 is unknown. Pond No. 5 has a surface area of 470,000
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2ft and is currently covered with treated effluent from the

neutralization plant. If it is assumed that the average

permeability of the sludge is 9.4 x 10~" cm/sec and if there

is an average of 2 feet of water standing over an average of

20 feet of sludge, then leakage through the sludge is about

1,000,000 gal/day. This figure seems much to'high. Previous

inflow-outflow studies show very little loss in the pond. If

it is assumed that the effective permeability is only

1 x 10 then about 100,000 gallons per day could be leaking

x_ to the ground water system. If it is further assumed that the

seepage water contains 100 mg/1 fluoride then the total

fluoride contribution from Pond No. 5 is 3 x 10 Ib/yr.

Obviously, the leakage from Pond No. 5 is a key factor in

determining the fluoride balance. .It is hard to imagine that

losses greater than 100,000 gallons per day would escape detec-

tion and that substantially greater concentration of fluoride

would be generated. At present, Outfall No. 4 carries about

v 1 mgd of effluent containing about 35 mg/1 fluoride from Pond

No. 5. Thus, there is a discrepancy of fluoride being con-

tributed. The contribution of fluoride from the waste pot

storage areas is not large enough to make up the deficit.

Some of the fluoride presently being pumped out could be from

fluoride in temporary storage in the ground water which is

being flushed from the system. Unfortunately, there has been

no continuous monitoring of ground water quality to be able

to address the possibility. It is conduced that additional

information is needed to refine the fluoride mass balance.

DAMB&II MOORE
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Test Well Drawdown and Recovery Tests

Prior to and during the pumping of available test

wells for water samples the ground water levels were measured.

The specific capacity of the wells was calculated from the data

and is expressed as the pumpage rate from the wells (gpm)

divided by the drawdown (feet) and is a measure of the wells

productivity. This was done to evaluate the suitability of

test wells for use as interceptor wells. Based on location,

only the 8-inch test well and well TH3 are positioned to cap-

ture contaminated ground water prior to its migration to the

Ranney well and the two existing interceptor wells. Both of

these wells have reasonable specific capacities also. The

8-inch test well is constructed with 8-inch ID casing to a

reported 92 feet and TH3 is constructed with 6-inch ID casing

to a reported 104.5 feet. Both wells appear to have sand and -, o
,.--r"x .?

gravel material heaved into their casings at a depth of 87 and j^

91 feet, respectively. These wells could possibly be pumped

at about 100 gpm as is, however to pump at 200 to 250 gpm and ^

to preclude the possibility of excessive sand wear on the pumps,

the wells should be cleaned out and 5 to 10 feet of screens

installed. ;

Reclamation of Waste Disposal Ponds

Selected sludge samples from the waste disposal ponds

were subjected to various physical laboratory tests. The soil
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TABLE 1

SUMMARY OP LABORATORY TEST RESULTS

0
zn
9
Q

0
0a

A *****BORING" LOCATION" (FEET)
SB-1 DPI! 0.0- 1.5

SB-1 DPfl 3.0- 4.5

SB-1 DPM 8.5-10.0

SB-2 DP'5 0.0- 1.5

SB-2 DPI5 1.5- 3.0

SB-2 DM5 4.5- 6.0

SB-3 DFI4 0.0- 1.5

SB-3 DPI4 5.5- 7.0

SB-3 DPI4 7.0- 8.0

Sfl-4 DPM 0.0- 1.5

SB-5 DPll 0.0- 1.5

SB-8 C 8.3- 9.0

SB-9 G 9.8-11.4

SB-10 UP 7.0- 8.0

SB-11 UP 11.0-12.6

SB-12 G 11.5-12.5

DRY
FIELD DENSITY PERMEABILITY LIQUID

SOIL TYPE GRAIN SIZE MOISTURE (Ib/cu.ft.) (ca/sec) LIMIT

sludge 7.1Z < *200 127.2 37.9 1.2 x 10~5 FH —

sludge — 114.2 41.9 — —

sludge — 127.3 38.9 — —

sludge 33.81 < 1200 33.0 69.4 — —

sludge — 33.5 75.0 — —

sludge 53.7Z < 1200 54.9 70.1 — —

sludge — 54.9 70.1 5.7 x 10~5 FH —

sludge — 108.0C 43.5 — 55

sludge 28.8Z < 1200 95.2 46.9 — —

sludge — 48.7 — — —

Sludge — — — 6.9 x 10~5 FH —

clsy 96. 8Z < 1200 33.1 — — —

sllty clsy 51.4Z < «00 17.9 — — —

sand 4 gravel 2.0Z < 1200 5.9 — 7.3 x to"2 HZ —

eand 4 gravel 3.6Z < «200 7.7 — 4.0 x 10~2 HZ —

clay — — — — • —

PLASTIC
LIMIT

—

—

—

—

—

—

—

53

—

—

—

—

—

—

—

—

See Figure 1 for location of borings.

FH - Laboratory falling head test. .
HZ - Hazea's approximation. K - 100(D._) .1U

CHygroscoplc water content - 66. 3Z.
dDP - Disposal pond.
UP • Waste pot lining storage
f* — r+. . 1 * — _ _ _ _ _ ^c_*fe f

area.
G • Gully near outfall 4.



TABLE 2

SUMMARY OF WELL CONSTRUCTION

1
n*
e
0
0a

WELL NO.

8" te«t well
TH 0
TH 1
TH 2
TH 3
TH 4
TH 5
TH 6
TH 7
TH 8
TH 9
TH 10
TH 11
TH 12
TH 13
TH 14-A
TH IS
TH 16
TH 17
TH 18
TH 19

*Wac*r level
bBTOC - below

SOUNDED
DEPTH DEPTH OF

(FEET) CASING
2/72 (FEET)

87.0
99.0
96.1

_

91.1
84.6
67.9
57.2
59.3
73.7
73.5
50.9
50.1
68.1
60.4
55.5
98.6
97.0

—

—
98.2

92.0
—

101.0
—

104.5
89.5
86.0
63.0
73.8
73.8
82.0
56.7
57.2
74.0
67.0

102.0
102.0

—
—

—

CASING
DIAMETER
(INCHES)

8
6
6

—
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

—
—

FINISH

open hole
open hole
open hole

—
open hole
open hole
open hole
open hoi*
open hole
open hole
open hole
open hole
open hole
open hole
open hole
5* screen
5* screen
y screen
5' screen

—
—

ELEVATION
OF TOP

OF CASING
(MSL)

654.2
666.0
664.0

—
667.5
651.8
653.7
646.4
658.2
649.6
648.4
658.2
658.8
638.6
631.3
653.4
663.6
664.3
663.6

—
662.6

ELEVATION
OF GROUND

SURFACE
(MSL)

652.2
665.5
662.2

—
665.0
649.3
651.2
644.9
656.4
647.7
646.2
656.5
657.1
635.6
630.3
651.6

662.9
661.5
660.8
660.8

SPECIFIC
CAPACITY

(CAL/HIH/FT)

8.3
—
—
—

15.2
—
—
—

3.5
—
—
—

1.4
0.5
—

1.1
—

9.7
—
—

\
WATER LEVEL BELOW GROUND

(FEET)
2/72 8/78 11/78 REMARKS

50.7 39.0 39.1
92.9 — —
86 . 8 ~ —

— — —
70.6 55.9 55.8
27.9 — —
49.0 — —
41.9 — —
51.0 35.2 —
44.7 — —
43.5 — —
41.5 — 35.4
35.4 35.3 —
32.8 6.1 —
27.4 — —

75.5* 72.6 BTOCb —
80.0 — 70.2
73.8* 71.2 68.6

_ — —

79.2 — —

ftom 7-18-72,

cop of ceilng.



TABLE 3

SUMMARY OF WATER ANALYSES

SAMPLE NO." DATS
GALLONS
PUMPED

CASING
VOLUME

Drinking Uater Standards — —

Ohio River Standard* — —

8~ well, 11
12
#3
14
IS
16
17
*8

Well n, #1
92

13
14
15
16
17
IB
19

06-25-78
08-25-78
08-25-78
08-25-78
08-25-78
i 1-09-78
11-09-78
11-09-78

1972 Ran**

08-25-78
08-25-78
08-25-78
08-25-78
08-26-78
08-31-78
11-09-78
11-09-78
11 -09-78

0
13.9
41.7
83.4
166.8
—
—
—

—

6.3
176.4
264.6
378.0
1440d

2520d

—
—
—

0
1.4
4.2
8.4
16.8
3
6
12

—

0.1
4.1
6.2
8.8
34"
59"
3
6
12

DISSOLVED
FLUORIDE SOLIDS
(•8/1) (-8/D

1.2-2.4*

t.O

60.4
60.4
58.4
58.4
64.8
69.5
64.0
62.3

260-1100

14.0
10.3
9.9
9.9
9.2
9.9
15.1
12.3
11.5

500*

500

2,600
2.700
2.400
2.000
3.500
2.600
2.400
2.200

—

600
600
500
500

700
600
600

HARDNESS TRANSMITTANCB
(•8/D (X)

—

—

60
60
60
80
65
—
—
—

—

40
75
85
100

100
115
125

—

—

15
13
13
12
24
12
12
11

0-96

79
87
90
91

74
82
83

pH

—

6.0-9.0

8.8
8.7
8.6
8.5
8.8
8.0
8.9
8.7

10.1-10.9

9.5
9.2
9.1
9.1

9.1
8.9
8.9

CHLORIDE
(•8/1)

250*

250

84
82
71
84
80
—
—
—

2766-4100

46
43
44
39

48
45
59

\
CYANIDE
(•8/D

0.01*

0.025

0.02
0.01
<0.01
<0.01
<0.01
0.09
0.03
0.02

—

<0.01
<0.01
<0.01
0.01

0.00
0.01
0.01

AMMONIA
(•8/D

—

0.05

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.06

—
0.00
0.00
0.00
0.00

0.17
0.03
0.17

See Figure 1 for location of wtlla and puddlea.
Insufficient sanple.
Saaple contain* aietal particle*,

dPuaplng rate assuaed to be 12 gfw.
*U.S. Public Health Service, 42 CFR. * 72.205. 1971.
Ohio Klver Standards, Ohio EPA, Chapter 3745-1-12, Ohio Administrative Code, effective February 1978.

8U.S. EFA National Interim Primary Drinking Uater Regulation*, effective June 1977.



TABLE 3 (continued)

0
In«t
0

0
0a

SAMPLE NO/

1972 tout*

Well #7, #1
#2

U.ll #10, #1
#2
#3

U*U #11. #1

Well #12. #1C

#2C

U.ll #15. #lc

#1
#2
#3

U*ll #16, #1
#2

Well #17. #1
#2
#3
#4

#5

GALLONS
DATE PUMPED

— —

08-29-78 19.8
08-29-78 66.0

1972 tons* —

11-09-78 —
11-09-78 —
11-09-78 —

1972 tons* —

08-28-78 18d

1972 tons* •—

08-29-78 12d

08-29-78 —

1972 tons* —

08-29-78 18d

12-01-78 104.0
12-01-78 104.0
12-01-78 198.5

1972 tons* ~*

11-09-78 —
11-09-78 —

1972 tons* ~~

08-28-78 5.3
08-28-78 74.2
08-28-78 159.0
11-09-78 —
11-09-78 —

CASING
VOLUME

—

1.3
4.2

—

1.8
2.1
2.4

_

ld

—

ld

—

—

ld

4.4
5.9
8.3

—

2.1
4.6

0.2
2.5
5.3
0.7
2.05

DISSOLVED
FLUOR IDE SOLIDS

150-468

27.2
34.4

250-364

47.4
48.3
43.4

0.9-10.0

8.6

1.4-10.1

0.3
0.4

0.2-0.9

47.4
4.8
4.7
2.7

1.0-2.7

0.9
0.7

1.0-1.8

0.3
<0.2
<0.2
<0.2
<0.2

—

700
700

—

1,500
1,500
1.500

—

500

—

200
200

—

400
—
—
—

—

300
300

300
500
500
300
400

HARDNESS
(•8/D

—

—

40

—

—
—
—

—

120

—

40
50

—

30
—
—
—

—

150
165

95
255
255
245
260

TRAMSMITTANCE
«)

0-89

0
9

0

1
0
0

2-98

15

0-95

98
97

21-98

81
—
—
—

87-99

100
100

90-99

80
94

100
too
100

Pll

9.2-10.1

7.2
7.9

9.8-10.0

8.0
7.9
7.9

7.2-8.1

6.6

6.9-7.9

8.2
9.0

6.8-7.2

9.4
7.3
7.3
7.3

7.2-8.2

7.4
7.7

7.9-8.6

8.3
7.3
7.3
7.6
7.3

CHLORIDE
(-It/D

390-443

35
43

—

—
—

—

128

51

117-142

69
74

19

36
—
—
—

21-32

30
30

27

51
48
43
43
42

CYANIDE

—

<0.01
<0.01

—
0.00
0.00
0.00

—
-b

_i
<0.01
<0.01

—
-b

—
—
—
—

0.04
0.00

<0.01
0.01
0.01
0.00
0.00

AMMONIA
(-R/D

—

0.34
2.10

—

0.00
0.00
0.00

—
0.49

—

0.06
0.00

_

3.50
—
—
—

—

0.00
1.02

0.00
0.00
0.00
0.00
0.00

f X



TABLE 3 (continued)

SAMPLE

Puddl*

NO.'

A
•
C
D

E
F
C
H

GALLONS CASING
DATE PUMPED VOLUME

1972 •*•«• — —

08-31-78 — —
08-31-78 — —
08-31-78 — —
09-07-78 — —
09-07-78 — —
09-07-78 — —
11-10-78 — —
11-10-78 — —

FLUOR IDE
Ue/l)

0-2.4

640.0
490.0
430.0
920.0
314.0

3340.0
207.0
122.5

DISSOLVED
SOLIDS

—

9,200
6,700
5,800

42.000
8,600

36,000
2,600
4,400

HARDNESS

—

30
0

35
15
45
0

10
40

TRANSMIT! ANCC
(I)

30-99

88
90
20
91
95
87

100
100

PH

7.3-7.9

10.1
9.8

10.0
10.2
9.4

10.7
8.5
8.3

CHLORIDE
(-K/D

34-39

49
137
53
52
59
43
—
—

CYANIDE

—

3.30
0.02
0.50
2.4
0.07

31.0
0.02
0.02

AMMONIA
(•8/1)

—

6.20
0.74
0.75

12.8
1.8
8.6
0.09
0.00
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I
INTRODUCTION

L

Plant Setting and Operational History

i
The Ormet Corporation (Ormet) plant site in Monroe

I County, Ohio, is situated along the west bank of the Ohio

River, approximately 35 miles south of Wheeling, west

* Virginia. The plant occupies the northeastern half of an

J area known as Buck Hill Bottom, a lens-shaped stretch of

land approximately 2'.5 miles long and about 0.5 miles wide,

j at its widest point (see Figure 1). The southwestern half

of Buck Hill Bottom is occupied by another industrial

i facility.

] Ormet has used this plant site for more than 25 years,

. over which time, their main process has been the reduction

' of alumina to produce aluminum metal. Throughout the life

j of the plant, groundwater has constituted an important
source for processing- and sanitary water supplies, and is

| produced via two Ranney collector wells located to the south
of thaj-0jpt<fc plant and the neighboring -facility. A£ the

* present time/ these wells are producing a total of about six

3 million gallons of water per day (gpd).

. As a result of past storage and disposal practices),

' inorganic constituents have seeped into Ormet's groundwater*
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Figure 1. Location of the Ormet 'Corporation Plant S
Hannibal, Ohio.

2
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I
i

* supplies; and, in some areas, concentrations of extraneous

substances have reached levels that are undesirable for

1 process-water uses. As a result, several interceptor wells

have been installed to recover degraded groundwater before

} it reaches the Ormet Ranney well.

1 As a preliminary effort, to identify and define the

nature and extent of impacts to groundwater supplies, Ormet

1 has sponsored several site hydrogeologic investigations,

5 including studies by Fred Klaer and Associates (1972) and

Dames & Moore (1977 and 1978). Results from these studies

| indicated that water quality problems were probably mainly

related to sludge disposal and potliner storage practices
i
J that were conducted in the northeastern portion of the Ormet

-• plant site (see Figure 1).

Study Objectives and Approach
J

In October 1983, Geraghty & Miller, Inc., was retained

3 by Ormet to conduct an additional hydrogeologic site inves-

J tigation to better define the source(s), nature, and extent
•

of groundwater effects, as well as possible remedial alter-

S natives for abating existing and potential conditions* The

specific objectives of this study were to:

* Assess (and contour) groundwater flow patterns
beneath the site, and identify main factors which
control groundwater flow.
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1
1 . Document the chemical makeup of leachate plumes and
* (to the limits of available data) identify specific

parameters and/or parameter relationships that may
I account for the appearance and chemical behavior of
1 these fluids.

I
1
1
1
I

1

1
I
I

Evaluate the extent to which leachate plumes have
spread beneath the site and identify main factors
controlling plume migration; and estimate future
plume movement under present pumping conditions.

Assess and qualitatively define contaminant/source
area relationships, particularly with regard to the
potential for further seepage of effluents into the
groundwater system.

Discuss long and short range groundwater quality
trends and evaluate possible remedial measures
(conceptual} that could be implemented to abate
existing and potential impacts to groundwater
resources.

In addressing the above objectives, Geraghty & Miller,

Inc., first conducted a review of existing data (Phase I).

In this review, previous groundwater flow patterns and

water-quality trends were inspected, and significant data

gaps were identified. A groundwater monitoring program

was then designed and implemented to fill data gaps and

provide- the information needed to fulfill the established

study objectives.
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PRINCIPAL FINDINGS

i The pr inc ipa l f i n d i n g s of the recent investigation

conducted at the Ornet site are as follows:
1

1. Groundwater flow beneath the northeastern portion
j of Buck Hill Bottom is primarily in the direction
J of the Ormet Ranney,and old interceptor wells.

. 2. Under present pumping conditions, it is estimated
j that a unit volume of groundwater moving beneath
* potliner storage and sludge disposal areas should

reach the Ranney and old interceptor wells within
j about a year's time (based on calculated flow
1 velocities of 3,300 to 3,700 feet .per year);

travel times for dissolved groundwater constituents
i are probably longer, depending on the net retarda-
; tion factor for a particular constituent.
*

_ 3. Groundwater effected by storage and/or disposal
I practices is characterized primarily by elevated
J pH and above background concentrations of fluoride,

cyanide, and sodiuV; and to a lesser extent (i.e.,
j with lesser consistency), reduced light trans-
] mittance and elevated levels of chloride, bi-

carbonate, carbonate, sulfate, iron, aluminum,
; silica, total organic carbon (TOC), and probably
, ammonia.

4. Pumping (and resultant drawdowns) within the water
j table aquifer have lowered groundwater heads below
1 the water level in the Ohio River and water is

moving from the river into the aquifer (i.e.,
i induced recharge); there is no* apparent natural
j discharge of groundwater to the surface water body

along most of. Ormet's river/plant boundary.

J 5. Dnder present conditions, leachate plumes within
* the groundwater system are being largely contained

within Ormet's site boundaries as a result of
] pumpage from Ranney and interceptor wells. These
1 withdrawals (at or near current rates) must con-

tinue in order to prevent offsite migration of
i leachate plumes.

i
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6. It is believed that well screen incrustation prob-
lems (as well as scaling on heat exchange equip-
ment) are related to elevated concentrations of
silica and TOG (and possibly other parameters such
as aluminum) within high-pH plume fluids; i.e.,
the solubility of these parameters increases
under high-pH conditions. Upon reaching pumping
centers, it is believed that plume fluids undergo a
net reduction in pH as a result of mixing with
unaffected groundwater; and the corresponding
decrease in silica and TOC solubilities causes
supersaturation of these parameters, which, in
turn, results in precipitation (incrustation).

7. During the time of the Fred Klaer study (1972),
it appeared that seepage from sludge disposal
facilities (particularly pond No. 5) was a main
contributor to observed groundwater impacts;
however, under present (1983-1984) conditions,
it appears that water-quality alterations bv
sludge disposal ponds have become significantly
reduced, and current groundwater impacts a»y J^e
largely related to leachate generation from former
potliner storage areas.

It is difficult to definitively ascribe ground-
water degradation to either sludge disposal or
potliner storage practices, based solely on the
chemical makeup of effluents; however, groundwater
flow patterns (and, possibly, water temperature
trends) do serve as fairly reliable estimators
of potliner-related and sludge-related inputs to
the groundwater.

9. As a means of reducing the potential for migration
of leachate plumes beyond Ormet's western plant
boundary, it is technically feasible to maintain a
hydraulic barrier using pumping and/or injection
wells. In addition, it may be feasible to accel-
erate improvement of Ormet's groundwater conditions
through implementation of source-area management
alternatives and/or plume management practices.
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REGIONAL SETTING1
Topography

The Orrnet plant site is situated within the Ohio River

I Valley near the base of the West Virginia Northern Pan-

. handle. This area is part of the Appalachian Plateau

physiographic province and, in' general, can be described as

t a highly dissected plateau or plain characterized by rugged

topography, steep slopes, and strong relief, with elevations ,_

3 ranging from about 600 feet to more than 1400 feet above sea

. level. Stream erosion and transport, in conjunction with

* . weathering and mass-wasting of slope materials, is largely

^ responsible for the existing topographic expression of this
J

region.

The Ohio River generally constitutes the feature

| of lowest elevation throughout the area and, thus, receives .

virtually all of the natural drainage via tributaries,

j surface runoff, overland flow, and groundwater discharge.

i Surface drainage patterns in the region can best be de-

scribed as dendritic, where larger .tributaries branch

J irregularly and angularly into smaller tributaries, re-

s e m b l i n g , in p l a n , the prof i le of a b r anch ing tree.

A notable exception to the rugged topography described

1 above occurs in areas adjacent to the 'Ohio River and some

i
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1

1 of its major tributaries where the. deposit ion of flood

| plains and the carving of terraces into older and higher

glaciofluvial outwash has created relatively level or

J gently inclined strips of land that tend to parallel the

course of the river. These land features, which are com-

• monly referred to as bottoms' or bottomlands, are usually

I best developed on the inside of meanders (bends in a river)

and fringe the Ohio River on alternate sides throughout its

~j length. Owing to the relatively flat-laying topography, the

availability of water, and the close proximity to a major

* waterway, bottomlands along the Ohio River have long been

T major centers of population and industry.

i Climatei —————
i

Climate of the area is typical of temperate continental

zones with warm summers and cold winters averaging 7 3 * P

^ ( 2 3 * C ) and 34*F ( 1 * C ) , respectively. The mean annual

temperature for this area is about 53*F (12*C) (Price, and

others, 1956).

| Precipitation is ample and fairly well distributed

throughout the year with maximum and minimum rainfall
\

occurring in summer and fall, respectively. Total annual

precipitation in the Ohio Valley increases from north

i
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1

• to south. Normal precipitation for Wheel ing is approxi-

i mate ly 38 inches and for New Mar t insv i l l e is about 44
I

inches; it is assumed that average precipitation at the

j Ortnet plant site is similar to that occurring at New Mar-

tinsville.

i
Geology

Th'e region of interest is underlain by Paleozoic-age

j sedimentary rocks consisting mainly of conglomerates,

sandstones, siltstones, shales, fresh-water and marine

i limestones, and coals, and lesser amounts of chert, iron

^ ore, and rock salt or other evaporites. Coal deposits,

which mainly occur in Pennsylvanian-age and, to a lesser
| extent, Permian-age rocks, have long been recognized as the-

greatest, mineral resource of the Ohio River Valley area.

Rock salt and natural brines of Silurian-age are of local

importance to chemical industries for the manufacture of

chlorine, bleaches, soda ash, and caustic soda.

j In hilly, more elevated parts of the region, rock

i units are generally overlain by a thin to moderately thick

layer of sedentary or. residual soil that has been formed

in place by the disintegration of underlying rocks, and
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1

• by the accumulation of organic material. These soils

j are usually relatively fertile and well drained and are

capable of supporting woodland, cropland, and pasture.

j Owing to the hilly topography characterizing these areas,

soils tend to be fairly susceptible to erosion.

I
In areas adjacent to the Ohio River, steep valley

] walls with outcropping rocks of Pennsylvanian- and Permian-

_. age give way rather abruptly to bottomland alluvial deposits

* comprising flood-plain and river-terrace features. Upper

j river terraces generally represent Pleistocene-age glacial

outwash plains that have been carved into a stepped profile

] by the downcutting Ohio River. These features are mainly

composed of sand and gravel and, in areas along the edges of

' the valley, may be capped by colluvium (clay and rock

I fragments) derived from highlands and the valley wall.i
Lower river terraces can also represent abandoned flood

-1j plains deposited by the river during past, more elevated

regimens. Such deposits tend to contain appreciably greater

J quantities of silt and clay than are found in terraces

3 formed primarily from glacial outwash.

. -In the Buck Hill Bottom area, two main terrace lev-

' els are present with lower and upper terrace elevations

10
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1 averaging about 630, and 665 feet above mean sea level,

respectively. The upper terrace, which is occupied by the

] main plant facilities, is bounded on the northwest by a

. steep valley wall that rises to an elevation of 1300 feet

' within less than a mile. The lower terrace comprises a

1 relatively narrow strip of land that is bounded by the Ohio

River; the Ohio River pool elevation in this area ranges

] from €20 to 624 feet above mean sea level and, as a result

of the Hannibal lock and dam, tends to remain fairly con-

* stant throughout high- and low-flow periods.

?1 water Resources

| The Ohio River represents the main body of surface

water in the area and, with respect to volume, constitutes

i an almost unl imi ted supply . The qual i ty of water f rom the

j Ohio River is suitable for many industrial uses; however,

owing to suspended sediments and the possible presence of

| undesirable chemical constituents resulting from upstream

operations, some treatment is usually required prior to use.

In the Buck Hill Bottom area, groundwater constitutes

j a main source for process- and drinking-water supplies.

, The most important water-bearing unit is the water-table

* aquifer, which is comprised of the sand and gravel alluvial

i
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1
materials of the Ohio River Valley. Relatively high yields

can be obtained front wells penetrating these sediments, and

natural groundwater quality is generally good with total

dissolved solids concentrations of 500 mg/1 or less;

locally, water may be hard and sulfurous (Price, and others,

1956).

At the present time, a total of about 6 million gallons

of water is pumped daily (Dames & Moore, 1977) from the

alluvial aquifer via the two Ranney wells. Because these

withdrawals greatly exceed precipitation recharge, pumping

has induced river recharge of the aquifer. Consequently,

the quality of water derived from pumping wells is closely

related to river water quality, and is thus susceptible to

numerous upstream sources of contamination. Owing to this

condition, treatment of groundwater used for sanitary water

supplies may be necessary.

The Paleozoic bedrock units, which underlie the sand

and gravel aquifer, are also capable of 'producing ground-

water. However, because well yields are generally low and

water quality is often poor (i.e., mineralized}, these units

have not been extensively developed as a groundwater supply

in the immediate study area.

12
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SITE INVESTIGATION1

1 Drilling and Soil-Sampling Program

1 During December, 1983, Geraghty & Miller, Inc., con-

ducted a drilling program at the Ormet Corporation plant

1 site. The main objectives of the program were to collect

geologic data and establish a system of monitor we_ls to

* facilitate the collection of water-level and water-quality

j data. A total of 20 boreholes were drilled, 19 of which

were equipped with 2-inch-diameter monitor well 'asseir.olies.

j Efforts were made to locate most of these wells in areas

suspected to be hydraulically downgradient from possible

j sources of contamination, i.e., sludge disposal pones and

l potliner storage areas. Several wells (MW-19 and xw-20)

were also installed at locations hydraulically upgradient

1 from the potential source areas, in order to define back-

ground water-quality conditions. New monitor-well locations

] (MW-1 through MW-20), old monitor-well locations (TH-0

* through TH-19), and other important site features are shown

on Figure 2. Drilling, soil sampling, and monitor-well

3 installation and development was done by Hardin-Huber, Inc.,

of Pasadena, Maryland, under the supervision of a Geraghty &

j Miller, Inc., representative.

I
1
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Figure 2. Location of MW-Seties Monitoi: Wells, TH-Serles Monitor Wells, and Other
Important Features at the Ormet Corporation Plant Site, Hannibal, Ohio.
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Boreholes were drilled to depths ranging from 52 to 101

| feet using conventional 3-1/2-inch I.D.(nominal 8-inch O.D.)

hollow-stem augers. All boreholes were installed to bed-

1 rock, as designated by auger refusal. At all of the boring

I locations, drilling was completed without adding any fluid

to the borehole, so as not to alter the quality of aquifer

1 fluids.

1 Core samples were taken at 5-foot intervals in all

borings using an 18-inch-long, 2-inch-diameter split-spoon

1 sampling device that was driven ahead of the lead-auger

flight. Prior to collecting each core, the split-spoon
*
1 sampler was washed to avoid cross-contamination between soil

samples. All cores were inspected and described in the

field by a Geraghty fi Miller, Inc., representative. Lith-

| ologic descriptions of materials encountered during drilling

are presented in Appendix A.

i
Two Shelby tube samples were collected during the

| drilling program, one at the MW-14 location (depth 35 to 37

feet), and the other at the MW-20 location (depth 15 to 17

* feet). These samples, which were taken in silty-clay

3 formation materials, were analyzed by Hardin-Kight Asso-

ciates, Inc., for vertical permeability (Kv) using the

falling-head permeability testing method. Also, four

cation-exchange analyses were performed on selected core

I samples from boring locations MW-12, MW-13, MW-14, and

j MW-20. Soil testing results are presented in Appendix B.
*»

15
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]
] Monitor-Well Installation and Development

j With the exception of KW-6, all boreholes were con-

verted to moni tor wells which are used for water-level

j measurements and groundwater sampling. The monitor-well

assemblies, which consist of 2-inch-diameter PVC casing
1

1 coupled to bottom sections of 2-inch-diameter, 0.010-inch-

| slot, PVC well screen, were inserted through the inner bore

of the hollow-stem auger flights. After the wells were

j in place, the augers were pulled allowing the formation

materials to collapse in around the well screen. After all

' of the auger flights were pulled, enough sand was added to

] the boreholes to bring the sand pack to a level at least 10

to 15 feet above the top of the well screen, and a bentonite

and/or bentonite and cement plug was installed to prevent

seepage of surface fluids down the borehole.

The remaining annular space was then filled with

formation cuttings up to about five feet below ground level,

and a cement mixture was installed up to the land surface.

Protective steel well covers were then placed over the

3 monitor wells and seated into the cement. Figure 3 depicts

general monitor-well construction; specific construction

details for each monitor well are also listed at.the end of

their respective well logs presented in Appendix A.

16 .
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Well Approximate Dimensions
No.

MW-1

MW-2
MW-3
MW-4

MW-5
MW-6
M*-7
MW-8
MW-9
HW-10
Mtf-11
MW-12
MSf-13
MW-14

MS*-15
*W-16
MW-17
MW-1 8
MW-19
MW-20

A

69
86
77
94
90
52
79
98
101
100
95
67
88
86
56
84
77
59
64
65

B

69
84
76
74
90
Mo well

- 78
98
101
100
95
67
87
86
56
81
76
59
64
64

C

49 to 69
54 to 84
46 to 76
54 to 74
60 to 90
installed
58 to 78
68 to 98
71 to 101
70 to 100
65 to 95
27 to 67
57 to 87
46 to 86
36 to 56
46 to 81
36 to 76
39 to 59
44 to 64
34 to 64

Figure 3. General Monitor Well Construction at the Ormet
Corporation Plant Site, Hannibal, Ohio.
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1
All monitor wells were developed using an air com-

pressor equipped with a 100-foot-long section of 3/4-inch-

diameter plastic hose. Development times ranged from 25 to

105 minutes per well. The volume of fluid removed from each

well varied from less than a few gallons to more than a few

hundred gallons; additional development was also conducted

prior to collecting groundwater samples.

Groundwater Sampling and Analysis

Two sets of groundwater samples were collected from

monitor wells MW-1 through MW-20 for the purpose of water-

quality analyses. Sampling was conducted during December

28, 29, and 30/ 1983, and February 1, 2, 3, and 4, 1984. A

complete round of water-level measurements were collected

before the start of each sampling event; water-level data

are presented in Appendix C-1. Prior to collecting each

sample, approximately three well"volumes of groundwater

were evacuated from the well and field analyses for tempera-

ture, pH, and specific conductivity were -conducted; results

of field analyses are presented in Appendix D-1. Samples

were then collected in one gallon polyethylene containers

and kept chilled to a temperature at least as low as the

ambient groundwater temperature.

18
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i
J

1

i

the ini t ial set of samples, all

fi l tering was performed using 0.45 micron raembrane filters.

I However, owing to the consistency of aqui fer f lu ids at

several locations ( M W - 2 , MW-5, HW-S, MW- 1 1 , MW-16, and

' MW-18), it was decided that 'more porous, fiberglass pre-

] filters would be used to remove suspended materials from the

second set of samples collected at these wells; other

j second-set samples were filtered as before.

] Non-f iltered/non-f ixed, f iltered/HNO.-f ixed, and
i J

f iltered/H-SO.-f ixed sample fractions were prepared from

{ the first set of groundwater samples. Second-set samples

. also included a f iltered/NaOH-f ixed fraction in an effort to

' preserve fluid constituents that precipitated under lowered
1 pH conditions.

Water quality analyses were performed both by the Ormet

Corporation laboratory and by Hartel Laboratory Services,

[ Inc., of Baltimore, Maryland. The parameters analyzed»
by each lab and the results of chemical analyses are pre-

13 sented in Appendix D-2.
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1 SITS HYDROGEQLOGY CONDITIONS

I Geology

- The Ormet plant site is immediately underlain by

* unconsolidated deposits of sand, silt, silty to sandy clay,

| and pebbles, which rest unconfonnably upon a bedrock base.

The approximate elevation and general configuration of the

j bedrock surface is depicted by the structure-contour map

presented in Figure 4; bedrock elevation data is presented
J in Appendix E. '

Throughout upper portions of the plant (away from the

i river), unconsolidated sediments consist predominantly of
»..

sand and pebbles, which are fairly continuous down to

bedrock; depths to bedrock ranged from 50 to 100 'feet. In

lower plant areas (near the river) sand is generally over-

lain by silty to clayey floodplain deposits that form a

wedge which thickens toward the Ohio River. Figures 5
\^

through 10 depict general geologic trends beneath the Ormet

site. Precise descriptions of lithologies encountered

during drilling are presented in Appendix A.
i

Coarser soil materials (i.e., sand and pebbles) appear

to be composed primarily of quartz and lesser amounts of

feldspar minerals, as determined by visual inspection; thin

20
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Figure 4. Structural-Contour Map Depicting Approximate Elevation and Configuration
of the Bedrock Contact Beneath the Ormet Corporation Plant Site, Hannibal,
Ohio.
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Figure 5. Geologic Cross-Section Reference Map, Ormet Corporation, Hannibal, Ohio.
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| layers of peat-type material are also common throughout

these sediments. No laboratory tests were conducted to

I determine the mineralogy of finer soil fractions (i.e.,

1 clays and silts); however, the low-cation exchange capaci-

ties, 10 milliequivalents/100 grams or less, determined for

] clay-rich samples suggest that kaolinite [A12si205(OH).]

may be an important component (Garrels and Crist, 1965).

J Results of cation exchange analyses are included in Appen-

i dix B.
•i

As noted in the preceding section, most of the sand and

* gravel materials comprising Buck Hill Bottom are thought to

1 represent outwash that aggraded the Ohio River Valley
*

during retreat of Pleistocene glaciers. Accumulations of

1 finer sediments in^areas adjacent to the Ohio River probably

largely represent floodplain deposits remnant from more

1 elevated river regimens.

i
j
i
j
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1 Aquifer Characteristics and Groundwater Flow

Two types of water-bearing zones are present beneath

* the Ormet plant site: 1) discontinuous zones of perched

3 groundwater, and 2) the Ohio River Valley water-table

aquifer. Perched zones represent unconfined groundwater

I that is separated from the water table by an unsaturated

zone. These zones were mostly encountered at shallow depths

J (20 feet or less) beneath the main plant facility, and are

* believed to, at least in part, result from storm drain

leakage.

* With the exception of MW-6 and MW-10 locations, perched

1 zones appear to be very limited vertically, and may notr
actually represent a saturated condition, i.e., water may

j simply be enroute to the water table. The locations and

depths of observed perched-water zones are indicated in

1 Appendix A and on Figures 6 through 10.

J The Ohio River Valley water-table aquifer is comprised

. primarily of aand and pebbles, and constitutes the main

water-bearing unit in the area. The aquifer has been

i
j
i

extensively developed within Buck Hill Bottom, and is

presently yielding about six million gallons of water daily,

j most of which is being pumped from two Ranney wells (see

Figure 1).

29
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3
Data obtained from an aquifer-testing program conducted

by Fred Klaer and Associates (1972), indicate that aquifer

J sediments typical of the central plant area are charac-

1 terized by a coefficient of transmissivity (T) of about

60,000 gpd/ft and a coefficient of permeability (k) of about

I 1900 gpd/ft (or a hydraulic conductivity, K, of about

10 cm/sec). The coefficient of storage is calculated to

» be about 0.19 (dimensionless).

J Using the K value of 10~ cm/sec, a hydraulic gradient

- (I) of 0.008 to 0.-009 ft/ft, and an assumed effective

* porosity (n) of 0.25 (dimensionless), it is estimated

^ that groundwater beneath northeast parts of the plant area

is moving toward the Ormet Ranney well at a rate (V) of

J about 9 to 10 feet per day (about 3300 to 3700 feet perV

_ year); by equation V « KI . Based on these flow velocities,
~J groundwater traveling beneath the storage and disposal

1 facilities should reach the Ormet Ranney well within about a

year's time. Travel times for dissolved groundwater con-

J stituents may be (probably are) somewhat slower, depending

upon tfe» net retardation factor for a particular constituent.

Plow velocities calculated by Geraghty & Miller,

j Inc., are roughly four times faster than flow velocities

i
i
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I
calculated by Fred Klaer (1972). This difference results

J from omission of the effective porosity factor in Fred

1 Klaer's calculations; it is believed that faster estimated

• flow rates probably more accurately reflect actual con-

1 ditions.

i Prior to development of the aquifer (before 1956), the

water table probably sloped from north to south with ground-

| water flowing toward and discharging into the Ohio River.

Pumping from Ranney wells has caused the water table to drop

j below the level of the river. As a result, water is now

.j being pulled from the river into the aquifer, and is flowing
1 in the direction of pumping centers (i.e., toward Ranney and

| interceptor wells).

j The inferred water-table contour maps presented in

Figures 11 and 12 generally depict how past and present

] pumping has affected groundwater flow patterns beneath Buck

Hill Bottom. As can be partly seen, groundwater withdrawals

I have cwated two large cones of influence which converge to

I forn intently rounded crest, or drainage divide, that isit/g^-sP * *

situated roughly parallel to Ormet's west property boundary.

1 Hater-level data used to construct these maps are presented

in Appendix C.

\
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Figure 11. Inferred Water-Table Contour Map Depicting Past Conditions at the Ormet
Corporation Plant Site, Hannibal, Ohio. •
(Based on median values of 1972 water-level data)
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I
* Figures 11 and 12 also reflect conditions before and

after closing of the Hannibal Lock and Dam in 1973, which

i caused roughly a 20-foot rise in river-pool elevation.

Aside from an overall rise in groundwater levels (more

I than 10 feet in the area 'of the disposal ponds and more

than 5 feet in the vicinity of Ormet's Ranney well) the rise

* in river-pool elevation does not appear to have greatly

t changed the configuration of the water-table aquifer under

pumping conditions. Damming the river probably has caused

—I an increase in silt accumulation along the bottom , which

some authors suggest may be reducing the capacity for river

* recharge of the water-table aquifer. Although silting

1 may cause 'some reduction in the permeability of subjacentI
deposits f the overall increase in saturated aquifer thick-

1 ness suggests that increased hydraulic heads (from the

rising river) have more than compensated for any such

J reductions; and the water-table aquifer appears to be

| potentially more productive as a result of increasing the

river pool elevation, barring overall decreases in aquifer

] permeability.

3 to the northwest of disposal pond No. 5 (near TH-10

and, particularly, near TH-11), relatively little change in

J water-table elevation appears to have resulted from raising

the river pool. This is probably because these wells are

34 .i
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3
* situated more toward the valley wall, where rising bedrock

1 deposits (Figure 4) support a water table that, although

hydraulically connected to the main aquifer body, is con-

j siderably less susceptible to pumping (drawdown) stresses;

i.e., this portion of the water-table aquifer is sustained

* primarily by precipitation recharge which, given the aqui-

1 fer's limited capacity to transmit water vertically and

laterally, is sufficiently plentiful to maintain a rela-
1I tively elevated body of groundwater. Owing to this con-

dition, wells TH-10, TH-11, and MW-18, draw from a portion

* of the water-table aquifer that receives recharge emanating
4

j primarily from the north; and, these monitor wells appear
1 to be situated hydraulically upgradient from all of the

J disposal ponds.

1 It is, therefore, reasonable to assume that groundwater-

quality alterations that may be observed at these locations

j are probably mainly attributable to past potliner storage

practices, barring the presence of heretofore unidentified

* source areas. Although somewhat less certain, current

3 grourtijyater flow patterns further suggest that monitor wells

MW-2, MW-16, and possibly other wells, may also be situated

j in areas that receive recharge emanating primarily from the

north.

1
I
1
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3
1 It is important to note that 1972 water-level data

(Figure 11) imply a considerable degree of fluid mounding

J beneath the No. 5 disposal pond; whereas, 1984 data (Figure

- 12) do not indicate the presence of a discernible mound.

•* This change probably mainly reflects retirement of the No. 5

I pond in 1981, when the cryolite recovery plant was closed

and sludge disposal practices were discontinued.

Under present pumping conditions, the water-table

I aquifer is receiving recharge both from the Ohio River and
*

from infiltrating precipitation; relatively minor amounts of

J recharge may also issue from inactive disposal ponds.

m Based on estimates by Fred Klaer and Associates (1972),,
i 90 percent or more of the 6 mgd being pumped from the

I alluvial aquifer is probably derived through induced re-

charge from the Ohio River. As a result, there does not

\ appear to be any natural discharge of groundwater into the

Ohio River along most of th« river/plant boundary.

i
i
i
i
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J
1 GROUNDWATER QUALITY

•

1 Past Cause-and-Sffeet Relationships

• Starting in 1958, when the Ormet plant began operation,

spent cathode material (i.e., potliner) was accumulated in

I several areas to the northeast of the plant site, and

surface impoundment facilities (ponds No. J through 5)

J were used for the disposal of wet scrubber sludges (see

* Figure 2 for locations). In general, potliner wastes con-

sist of carbon-based material with impurities* which, upon

1 weathering, produce an alkaline leachate containing para-

meters such as fluoride, cyanide, sodium, and ammonia; and
1]' scrubber sludge consisted mainly of calcium-based salts

.. including CaSO . CaF_, and Ca(OH)*, as well as Na.AlF..
J 4 £ * J o

In August 1968, Ormet started operating a cryolite

i
recovery plant, and the (then active) No. 5 disposal pond

began to receive very alkaline sludge consisting of sodium-

based salts including NaF, Ha.SO/, Na.CO,, Na.AlF., and2 4 2 3 3 D
1 NaAlO^r as well as C a f O H ) . and CaCO.; this material was

place* on top of the older calcium-based compounds. Based
3 -

on available data, it appears likely that this change in

the disposal process was largely responsible for changes

i
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1
I in Ranr.ey well water quality that became apparent in July

1971 ; i.e. , the well began to produce alkaline, discolored

I water.

J The deteriorated quality of water produced from the

Ranney well prompted a site hydrogeologic study by Fred

* Klaer and Associates (during 1972), which involved the

| installation of some 20 monitor wells (TH-series) to assess

water-quality conditions and groundwater flow patterns (see

j Figure 2 for well locations}. Resultant data indicated that

fluid was mounded beneath the No. 5 disposal pond and

i groundwater was being pulled from storage and disposal areas

-j toward the- Ormet Ranney well (Figure 11). Data also indi-

cated that virtually all of the wells located in the vicin-

1 ity of , and hydraulically downgradient from the No. 5

disposal pond (i.e. , TH-3, TH-5 through TH-9, TH-14A, and

J ' . 8-Inch) showed substantial degrees of water-quality degra-

dation by parameters that appeared to be closely related to
"]

pond effluents; the quality of water sampled at the TH-10

I and TH-11 locations did not show an appreciable degree of

alteration at this tia* (»•• Appendix D-3 for water-quality

'I data from TH-series wells). As an interim solution, two

. interceptor wells were eventually installed (12/72) several

I

1
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I hundred feet north of the Ranney well to intercept the plume

of discolored groundwater before it reached this pumning

* center.

| In 1976, Ormet began to neutralize sludge from the

• cryolite recovery plant prior to discharge into the No. 5

disposal pond. This process change appears to have signi-

1 ficantly reduced water-quality impacts resulting from pond

seepage; as evidenced by a supplemental study conducted by

j Dames and Moore (1977 to 1978), which demonstrated a con-

- siderable improvement in the quality of groundwater sampled

* from wells that still existed in the vicinity of the No. 5

"I disposal pond. However, groundwater sampled at the TH-10

and TH-11 locations may have become slightly more affected

j than it was in 1972. Comparisons of 1972 and 1978 water-

quality data are presented in Table 1.

In October 1981, the cryolite recovery plant was shut

J down and sludge disposal practices were discontinued.

1 Shortly before this time/ a plant clean up effort was also

initiated, whereby, spent cathode and other debris accumu-

1 lated in the potliner storage areas were hauled away; how-
ever, It is likely that equipment used in the clean up

] effort broke and crushed some quantity of potliner material,

i
i
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TABLE 1 ..
COMPARISONS OF HATER-QUALITY DATA COLLECTED FROM TH-SERIES

MONITOR Mbfcfl AT THE ORMET CORPORATION PLANT SITE, HANNIBAL, OHIO

r/cu'i-E
Kf.XTHM DATE

8" Well 1972 Range
08-25-78
11-09-78

Hull HI-3 1972 ftmjc
06-25-78
1 1-09-78
01-84
02-84

UI1 HI-7 1972 Range
08-29-78

° toll HI-10 1972 Manga
11-09-78

Well HI-11 1972 Range
08-28-76

Hull 111-15 1972 Rang*
12-01-78
01-64
02-64

Well HI-16 1972 Range
1 1-09-78

Well 111-17 1972 Range
08-28-78
11-09-76

GKIJCHS

»»
164.8

—

_
378.0

—
—
—

__
66.0

—
—

_
16

^
198.5

—
—

»
—

__
159.0

—

CASING
voute

_ _

16.6
12

^^
8.6

12
3
3

_
4.2

—
2.4

— _
1

„ _
8.3
3
3

__
4.6

_—
5.3
2.05

fUUORIDE

260-1100
64.8
62.3

ISO-466
9.9
II. 5
I.S
3.4

250-364
34.4

0.9-10.0
. 43.4

1.4-10.1
8.6

1.0-2.7
2.7

<1.0
1.0

1.0-1.8
0.7

0-0.24
<0.2
<0.2

D1SSOUUU)
SOLUS
(en/11

__
3.500
2.200

.
500
600
—
—

__
700

—
1.500

»
500

_
—
—
—

_
300

__
500
400

IIMCUCSS
(m/l)

_
65
—

___
too
125
— .
_

_
40

—
—

^^
120

«
—
—
—

^_
165

__
255
260

THANSMirfNCB
(11 PH

0-96
24
11

0-69
91
U)
96
i-

0
9

2-98
0

0-95
IS

67-99
—
95
—

90-99
100

30-9.9
100
100

10.1-10.9
e.e
8.7

9.2-10.1
9.1
8.9
7.5
7.4

9.8-10.0
7.9

7.2-8.t
7.9

6.9-7.9
6.6

7.2-8.2
7.3
7.4
7.5

7.9-8.6
7.7

7.3-7.9
7.3
7.3

CHLQRIUfc'

2766-4 100
80
—

390-443
39
59
—
36

, _ .
43

, 128
—

117-142
51

21-32
—
—
43

27
30

34-39
43
42

CY/W1DL*

_
<0.01
0.02

_
O.U1
0.01
0.41
0.16

_
<0.01

—
0.00

_ _

—

_ .

—
0.03

<0.01

_ _
0.00

- _

0.01
0.00

7»;1;
_
0.00
o.ot
_

0.00
0.17
—
0.00

_

2.IU

—
0.00

_*.

0.49

_ .
—
—
0.00

__

1.02

__
0.00
u.oo

•1984 Concentrations reflect total cyanldej 1978 concentrations may represent free cyanide.
Itotei 1972 data collected during Fred Klacr and Asfjociates study] 1978 data collected during Dames t Moore study; 1984 data

during Gcraglity i Hi 1 lor, Inc.* etucJy. All cticmlcal analyucs here performed by tlie Omat Corporation laboratory.
collected
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1 which probably remains within the upper few feet of soil

beneath this area. One could reasonably speculate that such

] a change in the consistency of potliner wastes should make

* this material more susceptible to leaching; i.e., crushing

increases specific surface area, which, for a given volume

] of material, exposes relatively greater quantities of

soluble components.

In March 1982, a third interceptor well was also in-

] stalled adjacent to the southwest corner of the. No. 5 dis-

posal pond in an effort to collect degraded groundwater

j before it migrates toward the Ormet Ranney well. This

1 well is currently pumped at several hundred gallons per

minute, which is discharged to the Mo. 5 disposal pond

j overflow. Fluid pumped from the well is alkaline, tea to

coffee colored, and contains fluoride and cyanide. Averaged

j water-quality data (1982 to 1983) for the new intercepter

i well, the old intercepter wells (collectively regarded as .^

one well) , and the Or met Ranney well are presented in

j Appendix D-4.

/ '
-1 tn the time since the Ormet Ranney well was installed,

a gradual decrease in well yield has become apparent.

] Initially, this may have been largely due to carbonate in-

crustation or siltation; however, recent decreases (since

41
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* discolored water began entering the well} are largely

"* attributed to varying degress of incrustation by dark,

1 medium to hard material, which has been observed in well

laterals 5 through 8 (Ranney Company, 1982). Decreases in

J old interceptor well yields have also occurred, and are

_ attributed to similar causes. One possible explanation for

* the apparent increase in well screen incrustation is that,

1 upon reaching the pumping center, mixing of high pH plume

fluids with relatively unaffected groundwater probably

J results in a net lowering of pH. This pH reduction may

cause certain plume constituents {e.g., silica, aluminum,

* organic carbon) to become less soluble which, in turn,

I results in precipitation (incrustation) at the well screen

and within adjacent sediments; a more detailed discussion

I of this phenomenon is presented in future sections. In

addition, certain dissolved constituents within unaffected

I groundwater (e.g., calcium), which become less soluble

1 under higher pH conditions, may also precipitate as a result
of fluid mixing.

* Currenfei:Hater-Quality Trends

lical analyses of recently collected (1983-1984)

i groundwater samples suggest that former potliner storage

areas and sludge disposal ponds (particularly Pond No. 5}i
3
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3
J both continue to contribute inorganic constituents to the

water-table aquifer system. However, compared to 1972

J groundwater conditions, there appear to have been signifi^-

3 cant reductions in water-quality alterations resulting from

disposal pond seepage, and apparent increases in water-

quality changes by potliner-related effluents. Results of

recent (1983-1984) and past (1972) chemical analyses are

3 presented in Appendices D-2 and D-3, respectively.

The most reliable parameters for ascertaining the

presence of potliner and/or disposal pond effluents pri-

-» marily include fluoride, cyanide, sodium, and elevated

3 pH; and to a lesser extent, chloride, bicarbonate, car-

bonate, sulfate, iron, aluminum, and probably ammonia.

j Elevated concentrations of silica and total organic carbon

(TOC), and reduced light transmittance are also generally

characteristic of relatively affected groundwater; high-pa

1 conditions increase the solubility (and concentrations) of

silica and organic carbon species (derived from natural

1 aquifer matrix materials), which, in dissolved and/or
.-•£"•;--

colloidal forms, are believed to cause discoloration that

3 reduce* light transmittance. Concentration versus pfi trends

*I for silica and TOC are presented in Figures 13 and 14,

respectively. As can be seen, there is a strong positive

i
i 43
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Figure 13. Silica Concentration Versus pH Trends, Ormet
Corporation, Hannibal, Ohio.
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1 correlation between high pH and increasing concentrations of

these parameters.

I
Monitor wells MW-2, MW-5, MW-S, MW-11, MW-16, and MW-18

J are most noticeably affected by the presence of extraneous

groundwater constituents. Other wells, MW-9, MW-10, KW-13,

* MW-14, KW-15, MW-17, and TB-3 also exhibit one or more

J • water-quality traits indicative of potliner and/or disposal

pond-related effluents, although these wells show little or

j no water discoloration, and concentrations of observed

seepage indicator parameters are relatively low.

Because the leachate generated within potliner storage

y areas, and the sludge placed into the No. 5 disposal pond

. (between 1968 and 1976) appear to be characterized by

* very similar chemical qualities, it would be difficult to

} validly credit groundwater quality impacts to either prac-

tice, based solely on the chemical makeup of effluents.

-J However, groundwater flow patterns inferred from past and

recent water-level data (Figures 11 and. 12} indicate that

* deteriorated water quality observed in monitor wells TH-10,

*j TH-11, MW-18, and possibly MW-2, MW-16, and other monitor

wells has resulted primarily from leachate generation within

j the potliner storage areas, whereas, past and/or present

water-quality alterations in wells TH-3 through TH-9,
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j 8-Inch, MW-12, HW-13, MW-14, and possibly other wells are

mainly the result of sludge disposal practices. Discolored

t water and high pK previously observed in some of the TH-

* series wells are believed to be mostly related to practices

conducted between 1968 and 1976, when the No. 5 disposal

i pond received alkaline, non-neutralized sludge (pH 10 to

11).

Although adequate data are not currently available,

1 it may be possible to more conclusively attribute observed

water-quality trends to either practice, based on ground*
* water temperature trends. As can be seen on Figure 12,

1 much of the groundwater passing beneath disposal pond

facilities appears -to originate as induced river recharge,

I whereas, groundwater moving beneath the potliner storage

areas is probably replenished mostly by precipitation
i
I recharge. Because surface-water bodies (in this region)

i undergo a considerable degree of seasonal temperature

variation, it follows that portions of an aquifer receiving
*
| recharge from these bodies should also experience seasonal

fluctuations in groundwater temperatures; although some lag

1 period is expected and temperature differences will prob-

i ably be somewhat less extreme. However, shallow aquifers

being recharged primarily by precipitation tend to exhibit

4 47
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1 relatively consistent groundwater temperatures throughout

the year, which are generally fairly closely approximated by

J the average annual air temperature, roughly 53*F ( 1 2"C) , in

1 this area. Consequently , long-term (at least one year)

monitoring of groundwater temperature trends may represent

1 an additional means by which contarainant/source-area rela-

tionships can be more accurately defined.

I
The inferred plume boundary map presented in Figure

j 15 depicts the approximate extent and general migration

of leach ate plumes beneath the Ormet plant site. These

•• Delineations are mainly- based on the water-quality data

"t presented in Appendix D-2, and on groundwater flow patterns

indicated in Figure 12. Some boundaries, particularly

1 those shown by a dotted line, have also been surmised based

on the expected remnants of past water-quality conditions,

1 as represented in Appendix 0-3.

As can be seen. Plume Section "A", which contains

. relatively high levels of leachate-related effluents,

* appears to originate mostly in the vicinity of former

<J potlin«r storage areas; whereas, Plume Section "B", which is

characterized by much lower concentrations of leachate

J indicators, seems to be more closely related to the No. 5

(and possibly other) disposal ponds. Plume Section "C",*
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Figure 15. Inferred Leachate-Plume Boundary Map, Ormet Corporation, Hannibal, Ohio
(Based on 02/84 water-quality data)
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I
J located beneath the western portion of the plant site, also

*
contains fairly low levels of leachate indicator parameters,

3 and is believed to be a result of interrupted pumping at the

^ Ormet Ranney well, which may have allowed intermittent

shifting of leachate plumes (A and/or B) to the west.

\
* A more detailed (and mdre speculative) assessment of

"I Plume "A1* conditions is -presented in Figures 16 through IS.

Based on these interpretations, it appears that levels of

1 primary leachate indicators (i.e., pH, F, CN,_ and Na) are

highest in the vicinity of former potliner storage areas,

* and become reduced as the distance from the source in-

"1 creases. It is likely that some quantity of leachate is

continually being generated from this area, and that concen-

j tration versus distance trends characterizing these plumes

are probably largely controlled by groundwater dilution

J or other attenuation mechanisms (e.g., sorption and natural

buffering). However, it is also likely that rates of

leachate generation have been periodically increased as a

j result of excavation and other disturbances within this area

(such as the cleanup effort in 1981), and concentrated

9 "slugs" of effluent may have been introduced to the aquifer

'I system. Consequently, plume concentration trends could also

reflect fairly recent increases in the rate of leachate

3
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Figure 16. pH Isopleth Map, Ormet Corporation, Hannibal, Ohio
(Based on 02/84 water-quality data)
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Figure 17. Fluoride Isopleth Map, Ormet Corporation, Hannibal, Ohio.
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Figure 18. Cyanide Isopleth Hap, Ormet Corporation, Hannibal, Ohio.
(Based on 02/64 water-quality data)
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1
generation. If this is the case, a relatively concentrated

* slug of leachate may be moving outward from the" former

1 storage area.

* It is interesting to note that Plume "A" effluents

exhibit a strong positive correlation between total cyanide

1 and total iron concentrations; i.e., high cyanide corre-

sponds to high iron {see Figure 20). Because iron is rela-

J tively insoluble under high pH conditions characteristic

* of concentrated leachate plumes, this trend is believed to

* reflect the presence of iron-cyanide complexes within plume

1 fluids.

* . Water-quality trends within Plume Section "B" are

probably largely a result of effluent seepage from abandoned

I disposal ponds (especially pond No. 5), but may also be

influenced by contaminant residues, remnant from past con-

1 ditions, that have not yet been flushed from the aquifer

i system; flushing mediums include induced river recharge and

infiltrating precipitation. In general, (although not con-

j sistently) wells situated within this plume show slightly

elevated pfi (up to pH 8), low to moderate fluoride levels

J (<1 to 5 mg/1), and low concentrations of total cyanide

* (<0.5 mg/1). Higher-than-background levels of sodium also

seem to characterize Plume "B", but this trend is less

1 consistent.

4
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t Plume Section "C", as stated earlier, is thought to

result from intermittent shifts in groundwater flow con-

| ditions. Boundaries indicated for this plume are very

f speculative, and water-quality trends are probably less

* consistent than those characterizing plumes A and B.

J In general, Plume "C" is characterized by relatively low-

level concentrations of common leachate indicator parameters

] (i.e., pH, F, CN, and Na). Other plume conditions, such as

elevated temperature and relatively high conductivity and ^_

* TDS values at MW-10 (i.e., high for the pB observed at this

1 well), suggest that Plume "C" may also receive fluids

emanating from other sources, such as leaking storm sewers

1 or steam-venting facilities.

a
i
i
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. SOURCE-RELATED EFFECTS ON GP.OUNDWATEP.

Sludge Disposal Area

Water-quality impacts resulting from sludge disposal

J practices appear to have been partially abated by neutra-

lizing sludge prior to discharge (1976), and probably became

* further reduced as a result of discontinued sludge disposal

J in 1981. Under present conditions (based on 1983-1984

data), the quality of groundwater moving beneath the No. 5

j disposal pond appears suitable for many processing uses. In

particular, the pH has dropped to a near-neutral range, and

* potential problems related to incrustation by silicate and

1 organic carbon precipitates are probably much less apt to

occur as a result of No. 5 disposal pond effluents.

It is possible (perhaps probable) that the quality

j of groundwater affected by disposal ponds will continue

to improve with time, barring major changes or disturbances

in sludge bed conditions. However, affected groundwater

. probably will not be suitable as a source for drinking water

* supplies in the near future.

Storage Area

J Under present conditions, the quality of groundwater

apparently emanating from beneath former potliner storage

i
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I areas is unacceptable for drinking water supplies and is

also potentially damaging to pumping wells and processing

4 equipment. The latter problems relate mainly to increased

I incrustation on well screens and within gravel packs, and

increased scaling on heat exchange equipment. These con-

1 ditions are believed to be related to elevated concentra-
* >

tions of silica and/or total organic carbon (and possibly

J other constituents such as aluminum) within high-pH plume

J fluids.

As can be seen on Figures 13 and 14, there is a posi-

1 tive correlation between high pH and elevated concentrations

i of silica and TOC. Increased incrustation (precipitation)

is believed to result from decreases in pH (and consequent

I reductions in Si02 and TOC solubility) that occur at

pumping centers when high-pH plume fluids mix with ground-

water having a near-neutral pH. Increased scaling on heat

» exchange equipment probably occurs for similar reasons, as
I .well as possible solubility reductions upon increasing the

I temperature of the fluid. In either case, the end result
could be super-saturation of dissolved and/or colloidal

j constituents, which causes precipitation and/or aggregation.
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i3

1 As can be seen on F i g u r e 13, SiO- versus pH da ta

for several wells (e .g . , MW-18 and MW-2) plot within an area

' of the silica solubility range where fairly minor reductions

I in pH would result in super-saturation of dissolved silica;

i.e., points would be shifted to the left of the calculated

j solubility curve for amorphous silica (Curve A), which* i
probably represents the upper limit of saturation for

I dissolved silica. Solubility data for organic carbon

i species are less precise, but it is believed that similar
* trends may also apply.

I Future Considerations

] At the present time, pumping of Ormet's Ranney and old

* interceptor wells appears to be preventing migration of

degraded groundwater beyond the plant boundaries. However,

! if yields from these wells continue to decrease over time,

or if pumping,-were^;tc«?rb* :interupted orir.discontinuetf^pf
• •-., .__-'._^i»«.Sji*t«*-srtftP'.* -• ••- ^imffHf,-* v.*..-.--* --•» — -•.-.̂ ,̂-v' .̂»vj:.rf4«ir*«*^*b-»-';*^M-"-'**';)l'*-M*' •"--'-•

I sTte/mi graTionT^'f >l«achSt iTpl-iSneaff would - be -1
» •̂ ^̂ •.-..-.V r̂TMM*i!i.aaar*i*iiiai«gT -1^^*-«-^'*fta»fern Miif •"
. Therefore, in order to maintain control over leachate plume

migration using the existing system of wells, it is neces-

1 sary that pumping be continued at or near current rates.

i
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3
1
1

ALTERNATIVE REMEDIAL MEASURES

General

I The previous section listed some existing and potential

effects that have, or may, occur as a result of effluent

I discharges from disposal ponds and potliner storage areas.

For the most part, these effects relate to limitations to

'] which groundwater resources beneath the Ormet site can be

j utilized, with respect to both process-water and sanitary-

water supplies. In addition, a potential also exists for

1 migration of leachate plumes beyond Onset's site boundaries.

Consequently, considerations of possible remedial measures

] to abate potential and existing groundwater impacts should

-m focus on two basic objectives: 1) controlling migration of
1 leachate plumes within the aquifer system and 2) improving

] aquifer conditions beneath the Ormet plant site. Possible

means by which these objectives could be accomplished are

j discussed in the following sections.

1 Controlling Leachate Plume Migration

3 Under present conditions, pumping of Ranney and inter-
ceptor wells within Buck Hill Bottom has created two large

I cones of influence which converge to form a gently rounded

i
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I crest, or drainage divide, that appears to be situated

roughly parallel to Crmet's west property boundary (see

J Figure 12). This divide acts as a hydraulic barrier to

* lateral groundwater flow and is essential in preventing

westward migration of leachate plumes. Consequently,

I i n o r d e r t o control plume migration to the west, it is
i

necessary that the drainage divide be maintained at or

J near its current position. This may become increasingly

•j more difficult if incrustation at Ormet's Ranney and old

interceptor wells continues to decrease pumpage; i.e. / as

1 pumpage at the Ormet wells decreases, the resultant cone of

influence, and the ability to control plume migration, will

] also decrease.

I Owing to this potential, it is recommended that Ormet

monitor water-level and water-quality conditions beneath

I western plant areas so as to provide early warning of any

| changes in the position of the drainage divide. If monitor-
1 ing results begin to indicate that the divide is shifting

1 'eastward, it may be in Ormet's best interest to establish

additional facilities that could be used to maintain (or

J perhaps even increase) the integrity of the drainage divide.

i
i
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* The most feasible alternatives for accomplishing this

1 objective include removal and/or injection of water.

Removal would basically involve installing additional

J pumping wells that could be operated to maintain necessary

drawdowns beneath the Ormet site. These wells should be

* located in the vicinity of (perhaps north of) the Ranney and

1 old interceptor wells so as to compound the drawdown effects

(i.e. , overlap cones of influence) from existing and
.
I new pumping facilities. The volume of groundwater that

would have to be produced (and the number of wells needed)

4 probably depends largely on the extent of decrease in Ranney

i and old interceptor well production. A potential disad-

vantage of the pumping well alternative is that the satur-

j ated thickness of the aquifer .beneath this area of the plant

ranges from only 20 to 30 feet, which limits the yield that

i can be obtained from a single well. This could necessitate

i the installation of a greater number of wells (at a greater

expense) in order to create the drawdowns needed to control

| plume migrations. Also, it is likely that, over time, new

pumping wells may also experience incrustation problems and

J may have to be serviced on a fairly regular basis.

The second alternative of injecting water into the

aquifer would involve installing several wells (probably
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1
* at least three) in a line roughly parallel to the existing

*j drainage divide. These wells could then be used to inject

the volumes of water needed to maintain a hydraulically

1 high zone beneath Ormet's west plant boundary. Unlike

pumping facilities, the injection wells would not be sus-

J ceptible to problems relating to incrustation and/or limited

1 aquifer thickness. However, for the injection systems to

operate efficiently over the long term, it is necessary that

I injected water be virtually free of suspended sediments,

which would eventually clog the well screen and adjacent

J aquifer deposits. If clean groundwater were used, suspended

m sediments probably would not pose a problem. However, if

river water represents the only feasible source, treatment

1 would have to be performed, and the resultant increase in

costs could become a discouraging factor. In addition, it

J may be necessary to obtain injection well permits in order

to legally operate this type of system.

It should be noted that other physical-type barriers,

* such as slurry walls and sheet pilings, can also be used to

a block plume migrations. However, depths to bedrock (±100

feet) and the presence of buried cables and pipes beneath

1 this area of the Ormet plant diminish the technical and

economic feasibility of implementing these types of control

J systems.

i
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Improving Ormet's Groundwater Conditions

* Alternatives for accelerating the improvement of aquifer

J conditions basically fall into one of two categories,

namely: aquifer management and source-area management. In

J general, aquifer management strategies focus on alleviating
i

or controlling adverse conditions that already exist within

* the ground water system, where as , source- a re a management

1 practices are aimed more at reducing or preventing further .^

degradation of the system. Some of the more common methods

1 that can be used in these management programs are listed in

Table 2.

A reasonable initial goal for improving aquifer

J conditions beneath the Ormet plant site would be to re-

, store groundwater quality to a level acceptable for pro-

* cess ing uses. Under present conditions, it appears that

1 groundwater moving beneath the No. 5 disposal pond (and

probably other disposal ponds) may already be approaching

] this level of quality; and it is possible (perhaps probable)

_ that, over time, the quality of groundwater beneath this

'•* area will become more improved as soluble and/or reactive

~1 sludge components become depleted. It is, therefore, prob-

ably in Ormet1 s best interest to continue groundwater

1 monitoring at selected locations around the disposal ponds,

\
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TABLE 2.
COMMON ALTERNATIVES FOR ACCELERATING IHPROVEMEN'

OF AQUIFER CONDITIONS

Aquifer Management
Alternatives

Removal of contaminants
via pumping wells,
collection drains, or
ditches

Containment of con-
aminants via physical
and/or hydraulic
barriers

In-situ stabilization
(neutralization) of
contaminants via
chemical and/or
biological treatment

Source-Area Management
Alternatives

Removal of contaminant
source materials via
excavation or pumping

Reduction of leachate
generation via
grading or capping

Encapsulation of
source materials and
effluents via
physical barriers

Stablization of
source materials
via chemical and/or
biological treatment

J
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because long-term water quality trends (collected over at

1 least a one-year period) could indicate stable or improving

j conditions that may not warrant implementation of high-cost

remedial actions.

I1 Groundwater that appears to be moving beneath former

| potliner storage areas exhibits water-quality conditions

that can promote incrustation of pumps and well screens, and
II increased scaling within pipes and heat exchange equipment.

Consequently, accelerating improvement of potliner-related

1 groundwater conditions may be desirable, in that, it could

1 help to reduce Ormet's dependency on outside water sources;

and may also help to increase the reliability of pumping-

type remedial measures that may be used to maintain hy-

draulic barriers beneath western plant areas.

1
A first step toward accomplishing this objective

!j would be to complete the removal of any remaining piles or

accumulations of potliner material, and 'establish a grade

' that prevents pooling of surface water in former potliner

~1 storage areas. The next logical step would be to continue
groundwater monitoring(for at least a year or more) at

I selected locations to assess the effectiveness of source-

area management efforts. If water-quality trends indicate
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* that conditions ar£ beginning to show a progressive improve-

t merit, it may only be necessary to restore vegetation to

this area in order to prevent erosion. If water-quality

1 trends show no change or indicate worsening conditions, it

may be necessary to consider additional remedial measures

1 for reducing leachate generation.

J Onset is currently implementing an aquifer management

* alternative, in that/ pumping of their Ranriey and inter-

* cap tor wells serves to remove leachate plumes already

1 present within the aquifer system, and controls migration of

these plumes beyond Ormet's property boundaries. In the

J event that a more intensive aquifer management is needed,

such as additional wells to control plume movements beneath

* western plant areas, a further investigation of aquifer

j hyudraulic properties is suggested in order to determine

i
a

the most effective methodologies for accomplishing the

established aquifer management objectives.
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CLOSING COMMENTS

1 Data derived through the recent and past investigations

conducted at the Ormet site provide a good base for ex-

J plaining existing hydrogeologic conditions, and will be

usefulin interpreting the cause(s) and significance of

* water-guality changes that may occur in the future. Of

"1 particular importance, findings from the recent study

suggest that:
i1 . Impacts to Ormet's process-water supplies are mostly

pH-related

1 . Adverse water-quality effects from sludge disposal
ponds have declined in recent time, and current
groundwater alterations may be largely related to
former potliner storage areas

Plumes of degraded groundwater appear to be con-

I tained within Ormet's site boundaries as a result of
pumping from Ranney and interceptor wells

Disturbances to storage and/or disposal areas (e.g.
grading or excavat ion) could cause short
creases in the rates of leachate generation

1 grading or excavat ion) could cause short-term in-

i . Potliner-related and sludge disposal-related effects
J on groundwater quality can be distinguished based

on groundwater flow patterns and water temperature
. trends

Existing and potential groundwater quality impair-
ment can probably be abated through a combination
of source-area management and aquifer-management
practices.
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j Through continued groundwater monitoring, it is an-

ticipated that the accuracy and overall significance of

* these findings will become better defined. Continued

1 collect ion of water-level and water-quality data should

also provide for a more comprehensive understanding of

I conditions occurring within the water-table aquifer.™ «
This is an important requirement for selecting and imple-

** menting effective remedial measures to achieve established

groundwater management objectives.

* Respectfully submitted,

GERAGHTY & MILLER, INC.

T Cleason P. Smith, C.P.G. (Virginia)
J Stiff Scientist

. Sgaman, C.P.G.

70



j
Gcrichcy & Miller, Incj

i
i
i
i
i
i
i
i
i
i
i
i
j

REFERENCES

Berner, Robert A., Principles of Chemical Sedimentology,
McGraw-Hill Book Company, New York, New York, Cooyright
1971.

Dames & Moore, Report, Overview of Geohydroloqic and Water
Quality Data and Formulation o£ Alternatives, prepared
for Ormet Corporation, November 21,1977.

i
Dames & Moore, Report, Results of Phase I Geohydrologic

Investigation of Sources of Groundwater Contamination,
prepared for Ormet Corporation, December 4, 1978.

Garrels, Robert M., and Christ, Charles L. , Solutions, ,.
Minerals, and Equilibria, Freeman, Cooper and Company,
San Fransico, California, Copyright 1965. •

Hem, John D., Study and Interpretation of the Chemical
Characteristics of Natural Watery2ndEdition,United
States Geological Survey, Water-Supply Paper 1473,
United States Governmental Printing Office, Washington,•
DC, 1970.

Klaer, Fred H., Jr. and Associates, Report, Hydro-geological
Survey of Plant Water Supply, preparedforOrmet
Corporation, March 1, 1972.

Klaer, Fred H., Jr. and Associates, Report, Phase 2 - Hydro-
geological Survey of Plant Water Supply, prepared for
Ormet Corporation, September 27, 1972.

Klaer, Fred H., Jr. and Associates, Report, Phase 3 - Ranney
Well Lateral Test, prepared for Ormet Corporation,
November 3, 1972.

Klaer, Fred H., Jr. and Associates, Report, Phase 4 - Inter-
ceptor Well Pumping Tests, prepared for Ormet Corpora-
tion, February 12, 1973.

Krauskopf, Konrad B., Introduction to Geochemistry, McGraw-
Hill Book Company, New York, New York, Copyright 1967.

Ormet Corporation Laboratory, Water Reports for the Ranney
and Interceptor Wells, March 1982 through August 1983.

71



Gcraghty & Miller, Inc

i
i
j
"3

1

]

]

1

REFERENCES (Cont.)

price, Paul H., and others, Geology and Economic Resources
of the Ohio River Valley in West Virginia, Volume
XXII, West Virginia Geological and Economical Survey,
Morgantown, West Virginia, December 1956.

Ranney Company, Report, Ranney Well Inspection for Ormet
Corporation, prepared for Ormet Corporation, May 1982.

72



1
1

&. Miller, Inc

1
APPENDIX A

LITHOLOGIC DESCRIPTIONS AND MONITOR WELL
CONSTRUCTION DETAILS FROM THE DECEMBER 1983
DRILLING/WELL INSTALLATION PROGRAM AT THE

ORMET CORPORATION PLANT SITE
HANNIBAL, OHIO

J
1
1
J
1
1
i

1

Note: Material referred to as rock fragments
probably mainly represents broken or
weathered pebbles
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Sample Depth
Interval (ft)

WELL MW-1
(installed 11/28/83)

Blow
Count Description

0.0 - 1.5 grab P e b b l e s , s and , and si l t ,
black to dark brown color;

I p robab ly r ep re sen t s f i l l

5.0 - 6.5 7-6-5 Pebb le s , s a n d , s i l t , and
] c l ay , d a r k b rown color;
] -probably represen ts f i l l

1 10.0 - 11.5 5-6-6 Pebb le s , rock f r a g m e n t s ,
] sand, and silt, brown color

15.0 - 16.5 10-12-15 Pebbles and m e d i u m s a n d ,
m i n o r b lack ( p e a t t y p e )
m a t e r i a l , g r e y t o g r e e n
color; p robab ly n a t u r a l

20.0 - 21.5 5-6-15 Sand, m e d i u m , with minor
rock f r a g m e n t s , g r e y t o
green color

25*0 - 26.5 10-23-32 Sand, medium, with pebbles,
rock fragments, and several
thin layers of black (peat
type) m a t e r i a l , grey to

• green color

30.0 - 31.5 7-11-12 Sand , m e d i u m , w i t h b lack
( p e a t t y p e ) l a y e r s , a n d
p e b b l e s , g r e y t o g r e e n
color

35.0 - 36.5 6-12-17 S a n d , m e d i u m , w i t h some
pebbles, grey to green color

40.0 - 41.5 8-10-12 S a n d , m e d i u m , w i t h some
pebbles, grey to green color

45.0 - 46.5 7-8-13 Sand, fine to medium, with
pebbles and minor amounts of
silt, grey to green color
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WELL MW-1 (Cont)
(installed 11/28/83)

Sample Depth
Interval (ft)

50.0 - 51.5

55.0 - 56.5

Blow
Count

10-13-15

10-13-11

Description

Sand,
brown

Sand,

medium, with
to tan color

pebbles,

med i urn to coarse , wi th

60.0 - 61.5

65.0 - 66.0

66.0 - 69.0

8-6-8

dropped
rods-26

pebbles and silt, rust brown
color; hi t wa te r a t abou t
54.5 feet——————————————

Sand, medium to coarse, with
pebbles and silt, rust brown
color

Sand, f ine to medium, wi th
some pebbles , rus t brown
color

Bedrock at about 67 fee t ;
auger r e fu sa l at about 69
feet ; bedrock appears to
consist mostly of grey shale
and/or mudstone

Borehole depth: 69 feet
Well depth: 69 feet .
Screened interval: 69 to 49 feet
Well construction: 49 feet of 2-inch-diameter PVC casing

over 20 feet of 2-inch-diameter, 0.010-
inch slot PVC screen; about 2 feet of
PVC stick up

Comments: Cave-in to about 45 feet; sand' pack to about 35
feet; 0.5 feet of bentonite on top of sand;
formation cuttings to about 5 feet; cement up to
ground level; protective cover installed
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WELL MW-2
(installed 11/29/83

Sample Depth Blow
Interval (ft)____Count Description

i

i
3

3
1

3
J
J

0.0 - 1.5

5.0 - 6.5

10.0 - 11.5

15.0 - 16.5

20.0 - 21.5

25.0 - 26.5

30.0 - 31.5

35.0 - 36.5

40.0 - 41.5

45.0 - 46.5

grab

5-3-3

8-10-16

5-5-8

6-7-8

9-50/1

6-5-13

7-9-10

11-21-29

Cinder-type material, sand,
and a few rock f r a g m e n t s ,
black color? probably repre-
,sents fill

No sample attempted to avoid
potential damage to buried
pipes

No recovery

Rock fragments, sand, and
silt, brown to green color;
maybe natural

Sand, fine to medium, with
pebbles and several thin
layers of dark (peat type)
material, brown color; hit
perched water at about 20
feet

Pebbles, rock fragments,
sand, and silt, brown to
green color

Rock fragments,
sand, and minor
dark (peat type)
brown to tan color

Rock fragments,
sand, and minor
dark (peat type)
brown color

pebbles,
silt and
material.

pebbles,
silt and
material.

Sand, medium, and pebbles,
with minor rock fragments,
brown color

Sand, medium, and pebbles
and rock fragments, with
minor dark {coal type)
material, brown to green
cô or
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Sample Depth
Interval ( f t )

50.0 - 51.5

55.0 - 56.5

60.0 - 61.5

65.0 - 66.5

70.0 - 71.5

75.0 - 76.5

80.0 - 81.5

85.0 - 86.0

86.0

WELL MW-2 (Cent)
{installed 11/29/83

Blow
Count Description

28-29-27 Sand, medium, and rock frag-
ments and pebbles, brown to
tan color

22-24-27 Sand, m e d i u m , and pebbles,
brown to tan color

15-27-21 -Pebbles, m e d i u m to coarse
sand, and some rock f rag-
ments, brown color; hit water
at about 57.5 feet

- Sand, medium to coarse, and
smal 1 pebbles/ brown color;
s a m p l e t a k e n from a u g e r
run-up

,21-27-26 Sand, medium to coarse, with
small pebbles, brown color

2 6-17-20 Sand, med ium to coarse, and
small pebbles, wi th minor
silt, brown color

26-28-17 S a n d , m e d i u m to coa r se ,
changing to p redominan t ly
rock f r a g m e n t s at base of
sample, brown color

16-51/3" No recovery; split spoon
broke off and was l e f t in
bottom of hole

Bedrock and auger re fusa l
at about 86 feet

Borehole depth: 86 feet
Well depth: 84 feet
Sceened interval: 84 to 54 feet
Well construction: 54 feet of 2-inch-diameter PVC casing

over 30 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Comments: Cave-in to about 48 feet; sand pack to about 39
feet; 0.5 feet of bentonite on top of sand; for-
mat ion cut t ings to about 5 fee t ; cement up to
ground level; protective cover installed
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WELL MW-3
( ins ta l led 11/29/83 to 11/30/33)

Sample Depth Blow
Interval (ft)_____Count_______Description________________

0.0 - 1.5 grab P e b b l e s , s a n d , and s i l t ,
brown color; probably repre-
sents fi l l

5.0 - 6.5 3-5-6 Clay with silt, minor sand,
and a few pebbles, brown to

^dar l c brown color; probably
natural

10.0 - 11.5 1-2-5 Clay with silt, minor sand,
and a few smal l p ieces of
cinder-type material, brown
c o l o r ; p r o b a b l y n a t u r a l

15.0 - 16.5 2-3-6 C l a y w i t h s i l t , m o t t l e d
b r o w n to rus t b r o w n color

20.0 - 21.5 2-3-2 Clay w i t h si l t , sof t and
plastic, brown color

25.0 - 26.5 3-3-6 C l a y w i t h s i l t , very so f t
and p las t ic , b rown color

30.0 - 31.5 WOR-1 Silt with clay, minor amounts
.of very fine sand, very soft
and p l a s t i c , brown color;
probably hit water at about
31 feet

35.0 - 36.5 WOR-WOH-1 Silt and very f i n e sand,
with minor clay, very soft,
brown color

40.0 - 41.5 WOR-3-4 Silt and v e r y f i n e sand ,
with minor clay, very soft,
brown color

45.0 - 46.5 WOR-2-4 Silt and v e r y f i n e sand ,
o o z y s o f t , b r o w n c o l o r
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WELL MW-3 (Cont)

installed 11/29/83 to 11/30/83}

Sample Depth
interval (ft)

Blow
Count Description

50.0 - 51.5

55.0 - 56.5

14-21-14 Pebbles and medium to coarse
sand, brown color

18-17-18 Pebbles, fine to coarse sand,
silt, and some rock fragments
and clay, brown to grey color

]
]
]
1

60.0 - 61.5

65.0 - 66.5

70.0 - 71.5

75.0 - 76.0

76.0 - 77.0

7-7-7

4-8-6

S a n d , c o a r s e , a n d smal l
pebbles, brown color

Sand, medium to coarse, and
several layers (up to 2-inch-
thick) of black -(peat type)
material, brown color

S a n d , m e d i u m t o c o a r s e ,
brown color; sample taken
from auger run-up

Sand, medium to coarse, and
small to large pebbles;
s a m p l e t a k e n f r o m a u g e r
run-up

Bedrock at about 76 - f ee t ;
auger r e f u s a l a t abou t 77
feet

Borehole depth: 77 feet
Well depth: 76.5 feet
Screened interval: 76.5 to 46.5
well construction:

Comments:

46.5 feet of 2-inch-diameter PVC casing
over 30 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Cave-in to about 31 feet; sand pack to about 29
feet; formation cuttings to about 5 feet; cement
up to ground level; protective cover installed
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W E L L
( instal led

Sample Depth Blow
Interval ( f t ) Count

0.0 - 1.5 grab

5.0 - 6.5 2-1-2

10.0 - 11.5 3-3-5

15.0 - 16.5 4-7-7

20.0 - 21.5 5-3-6

25.0 - 26.5 5-6-5

30.0 - 31.5 10-13-16

35.0 - 36.5 6-8-11

40.0 - 41.5 4-7-8

A p n A f f ^ ^ n ^ ^

MW-4
11/30/83)

Description

Silt, roots , and a few small
rock fragments, soil texture,
brown color; probably repre-
sents fill

Silt, f ine sand, pebbles, and
a few rock f ragments , soil
t e x t u r e , b rown color; may

. represent fill

C l a y w i t h some s i l t , mot-
tled brown color; may repre-
sent fill

Sand, med ium to f ine , wi th
rock fragments and some silt.
brown color

Sand, f i ne to med ium, wi th
some silt and minor clay, and
a few pebbles, brown color

C l a y w i t h silt, pebb le s ,
a n d . a few rock f r a g m e n t s .
brown to dark brown color

Pebbles and silt with some
clay and a few rock f r ag -
ments , brown to dark brown
color

C l a y , w i t h m i n o r s i l t .
fairly dense , dark brown to
olive green color

Clay, with some silt, fairly
dense, mottled tan 'to brown
color

I

45.0 - 46.5 7-10-13 Clay, with minor
ha i r l ine f r a c t u r e s f i l l ed
with black (peat type) mate-
r ia l , f a i r l y dense , brown
color

50.0 - 51.5 6-7-9 Sil t , very f i n e sand , and
clay, brown color
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WELL MW-4 (Cont)
(installed 11/30/83;

Sample Depth Blow
Interval (ft)____Count______Description______________

55.0 - 56.5 8-13-14 Silt, fine to medium sand,
pebbles, and some clay and
black (peat type) material,
brown color

60.0 - 61.5 5-7-7 ' Pebbles, rock fragments,
and silt, with minor clay,
brown color; sample is damp

65.0 - 66.5 WOR Sand, medium to coarse,
pebbles and silt, brown
color; hit water at about 62
feet

70.0 - 71.5 11-10-9 Sand, medium to coarse, and
a few small pebbles, brown
color

75.0 - 76.5 12-22-25 Sand, medium to coarse, and
a few small pebbles, brown
color

80.0 - 81.5 11-13-15 Sand, medium to coarse, brown
color

85.0 - 86.5 37-24-19 Sand, medium to coarse, and
a few small pebbles, brown
color

90.0 - 91.5 14-11-12 No recovery, probably same
• as above .

93.0 - 94.0 - Bedrock at about 93 feet;
auger refusal at about 94
feet
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WELL MW-4 (Cont)
(installed 11/30/83)

j Borehole depth: 94 feet
Well depth: 74 feet
Screened interval: 74 to 54 feet

1 Well construction: 54 feet of 2-inch-diameter PVC casing
over 20 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; abo.ut 2 feet of

; PVC stick-up
• Comments: Bottom 20 feet of .augers broke off and were left

in borehole beneath the monitor well; cave-in
to about 61 feet; sand pack to about 44 feet;
0.5 feet of bentonite on top of sand; formation
cuttings up to about 5 feet; cement up to ground
level; protective cover installed
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WELL MW-5
(installed 12/01/83)

Sample Depth Blow
Interval ( f t ) ____ Count ______ Description ______________

0.0 - 1.5 grab Black top ( a b o u t 4 i nches
thick) changing to fill con-
sisting of rock f ragments ,
clay, silt, and some pebbles,
da rk b r o w n to b lack color

5.0 - 6.5 grab Pebbles, silt, and clay,
1 brown color ; probably repre-

sents fill

10.0 - 11.5 2-3-4 Rock f r a g m e n t s , pebbles,
silt, sand, minor clay, and
some cinder type mater ial ,
brown color ; probably repre-
sents f i l l ; sample is wet

15.0 - 16.5 11-12-13 Pebbles , silt, rock f rag-
ments , and f i n e to m e d i u m
sand , brown to tan color;
probably mostly represents
fill; hit perched water at
about 11 feet

20.0 - 21.5 5-7-8 Sand, medium grained, with
pebbles and silt, and a layer
(about 1 inch thick} of black
(peat type) material, brown
color; sample is probably
natural

J

25.0 - 26.5 3-6-8 Sand, medium, pebbles and
silt, with some black (peat
typ«) material, brown color

30.0 - 31.5 5-8-11 S a n d / m e d i u m , w i t h some
pebbles, and silt, and a few
rock fragments, brown color

35.0 - 36.5 9-9-9 Sand, medium, with pebbles,
1 some silt, and minor black
! (peat type) material, brown

color; sample is damp

40.0 - 41.5 4-5-8
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Geraghcy & Mil le r , Inc.1
1
1
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1
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1
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1
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W E L L MW-5 ( C o n t )
{ins ta l led 12/01/83}

Sample Depth Blow
Interval ( f t ) Count Description

45.0 - 46.5 7-9-19

50.0 - 51.5 6-7-9

55.0 - 56.5 20-25-23

60.0 - 61.5 10-16-19

65.0 - 66.5 20-24-25

70.0 - 71.5 15-21-25

75.0 - 76.5 10-12-14

80.0 - 81.5 drop-16-42

85.0 - 86.5 8-10-11

91.0 - 93.0 35-20-16-16
*

Sand, f i n e to coarse, peb-
bles, and some silt, brown
color; sample is damp

Sand, medium to coarse, with
pebbles and some rock frag-

'ments, brown color; sample is
damp

Sand, coarse, with rock frag-
ments , pebbles, and minor
silt, brown color; hit per-
ched water at about 54 feet

Sand, coarse, with some small
pebbles and minor silt, brown
color; sample is damp

Sand, medium to coarse, with
some pebbles, brown color;
sample is damp

Sand , med ium to coarse , and
pebbles , b rown color; h i t
w a t e r a t a b o u t 6 7 f e e t

Sand, med ium , wi th some
small pebbles,, brown color

Sand , medium to coarse , and
some pebbles, brown color

Sand, medium to coarse, and
some pebbles , brown color

S a n d , m e d i u m t o coa r se .
changing to rock fragments
and silty to sandy clay at
b o t t o m o f s a m p l e , b r o w n
color

93.0 - 95.0 - No sample, drove rods until
refusal; bedrock at about 95
feet

34



1
Geraghty & Mil ler , Inc

1
I
1

WELL MW-5 (Cont)
(installed 12/01/83}

Borehole depth: 90 feet
Well depth: 90 feet
Screened interval: 90 to 60 feet
Well construction: 60 feet of 2-inch-diaraeter PVC casing

over 30 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Comments: Cave-in to about 21 feet; sand pack to about 19
feet; 0.5 feet of bentonite on top of sand;
formation cuttings to about 5 feet; cement up to
ground level; protective cover installed
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Mii ic r , Inc.

3
1

WELL MW-6
(installed 12/01/83)

Sample Depth
Interval ( f t )

Blow
Count

1
0.0 - 1.5

5.0 - 6.5

10.0 - 11.5

15.0 - 16.5

20.0 - 21.5

25,0 - 26.0

30.0 - 31.5

35.0 - 36.5

40.0 - 41.5

grab

5-3-3

3-2-3

4-7-8

3-5-4

3-4-5

3-2-2

WOH

2-10-9

Descriotion

Sand , med i urn , and silt wi th
some smal l pebb les , b r o w n
color; probably represents
fill

Sand, clay, silt, and some
pebbles, brown color, prob-
ably represents fill

Sand, med ium to f i n e , with
some silt and rock fragments,
b rown color; m a t e r i a l is
probably natural

Sand, fine to med i urn, and a
few small pebbles, brown
color; only about a 3-inch
recovery

Sand, medium to f ine , with
some black (peat type) mate-
rial, brown color; lower part
of sample is damp

Sand, fine to medium,' with a
few pebbles, brown color;
hit perched water at about 22
feet

Sand, medium to fine, with a
few pebbles, chang ing to
silty c lay, brown color;
change at about 31 fee t

Clay, silty to sandy, brown
to orange color, changing to
sand, f ine grained, with a
few pebbles, grey to green
color; change at about 36
feet

Sand, f ine to medium, w i th
silt and c lay , some b lack
(pea t type) m a t e r i a l , and
some small rock fragments ,
d a r k g rey to green color
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Geraghcy & Miller, Inc.

WELL MW-6 ( C o n t )
(installed 12/01/83)

Sample Depth Blow
Interval (ft)____Count______Description______________

45.0 - 46.5 19-26-47 Clay, very hard and s t i f f ,
g reen to d a r k g rey color;
sample is very dry

50.0 - 51.5 50/4" Coal, black color., changing
to very s t i f f , hard c lay ,
grey color

51.0 - 52.5 - Bedrock at about 51 f e e t ;
auger refusal at about 52.5
feet

Borehole depth: 52.5 feet
Comments: No well was instal led because of suspected

limited extent of the water table aquifer in
this area, i.e. , it is believed that mostly
perched water was encountered; hole was back-
filled with cuttings and marked by flat rock.

i
i
i
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] Gcrognc)' £ Miller, Inc

WELL MW-7
(installed 12/02/83)

Sample Depth Blow
Interval (ft) Count Description

i

3

0.0 - 1.5

5.0 - 6.5

10.0 - 11.5

15.0 - 16.5

20.0 - 21.5

25.0 - 26.5

30.0 - 31.5

35.0 - 36.5

40.0 - 41.5

45.0 - 46.5

grab

2-3-5

7-7-7

6-9-9

14-21-20

11-15-26

12-20-23

9-11-13

18-16-20

21-19-22

B l a c k t o p ( a b o u t 4 - inches
thick) changing to fill con-
sis t ing of sand, silt , and
pebbles, brown color

Sand, medium to f ine, silt,
rock fragments, and pebbles,
brown color; probably repre-
sents fill

Sand, medium to coarse, silt,
rock fragments, and pebbles,
brown color

Sand, fine to medium, and a
few pebbles , brown color;
sample is probably natural

Sand, medium to f ine , with
some pebbles and rock frag-
ments , brown color; augers
w e r e b r i n g i n g u p w a t e r ,
possibly storm drain leakage

Sand, medium to f ine , with
some pebbles and a few rock
f r a g m e n t s , b r o w n color

Sand, medium to f ine , with
some pebbles , brown color

Sand, medium to f ine, with
some pebbles, a few rock
fragments, and a layer (about
2 inches th ick) of black
(peat type) material, brown
color

Sand, f ine to medium, with
some pebbles and a few rock
f r a g m e n t s , b r o w n co lo r

S a n d , m e d i u m , w i t h some
pebbles and rock fragments,
and minor silt, brown color
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1
J

I
1

Geraghcy & Miller, Inc.

Sample Depth
Interval (ft:

50.0 - 51.5

55.0 - 56.5

60.0 - 61.5

65.0 - 66.5

70.0 - 71.5

75.0 - 76.5

77.0 - 79.0

WELL MW-7 (Cont)
installed 12/02/83

Blow
Count Descriotion

18-11-11

9-10-11

13-7-10

11-7-8

Sand, medium, with pebbles
and a few rock fragments,
brown color

Sand, fine to medium, with
some pebbles, brown color

i
Sand, medium to coarse, with
pebbles and some silt, brown
color, changing to clay and
silt, with pebbles and some
s a n d , r u s t b r o w n co lo r ;
change at about 61 f e e t ;
sample is damp

Clay and silt, w i t h sand
and some pebbles and rock
fragments , brown to rust
brown color; hit wa te r at

14-13-14

67/6"

about

Pebbl
brown

Sand,

64 feet

es, sand, and
to green color

silt, and rock

s i l t ,

frag-
ments, changing to decom-
posed r o c k , b r o w n co lor

Bedrock at about 77 f e e t ;
auger r e f u s a l a t about 79
feet

j
Borehole depth: 79 feet
Well depth: 78 feet
Screened interval: 78 to 58 feet
Well construction: 58 feet of 2-inch-diameter PVC casing

over 20 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Comments: Cave-in to about 21 feet; 1 foot of bentonite
on top of cave-in; formation cuttings up to
about 5 feet; cement up to ground level; pro-
tective cover installed
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Ik Miller, Inc

1
j

WELL MW-8
(installed 12/02/83 and 12/04/83)

Sample Depth Blow
Interval (ft) Count

0,0 - 1.5

5.0 - 6.5

10.0 - 11.5

15.0 - 16.5

20.0 - 21.5

25.0 - 26.5

30.0 - 31.5

35.0 - 36.5

40.0 - 41.5

45.0 - 46.5

Description

grab

3-2-2

2-2-2

3-4-5

5-8-9

7-8-11

6-11-23

6-7-7

7-8-8

6-7-9

Sand, silt, and some small
pebbles, brown color; prob-
ably represents fill

Silt and sand, with some
clay and a few pebbles, brown
color; probably represents
'fill; sample is damp

Clay with sil t, some sand,
and a few pebbles, brown to
rust brown color, sample is
probably mostly natural;
sample is damp

Clay with minor silt, fairly
dense, brown to rust brown
color

Clay with some silt, minor
sand, and a few pebbles,
brown color

Clay with minor silt, brown
to rust brown color

Clay with some silt and minor
fine sand, fairly dense and
plastic, mottled brown to
green color, changing to silt
with some clay and a few
pebbles, fairly hard and
stiff, grey color; change at
about 31.5 feet

Sand, fine to very fine, with
minor silt, brown to tan
color

Sand, fine to very fine,
brown to tan color

Sand, fine to very fine,
brown to tan color
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} Ger2ehcv & Miller, Inc

'

WELL MW-8 (Cont)
(installed" 12/02/83 and 12/04/83)

Sample Depth
Interval (ft;

50.0 - 56.5

55.0 - 56.5

60.0 - 61.5

65.0 - 66.5

70.0 - 71.5

75.0 - 76.5

80.0 - 81.5

85.0 - 86.5

90,0 - 91.5

95.0 - 96.5

97.0 - 98.0

Blow
Count Description

9-10-7

4-8-10

6-6-10

13-13-16

12-14-15

7-9-11

dropped

9-16-25

13-18-18

11-14-20

Sand, medium to coarse, with
pebb les , a few rock f r a g -
ments , and pebbles, brown to
tan color

Sand, medium to coarse, with
.pebbles, a few rocJc fragments,
and minor black (peat type)
material, brown color

Sand, f ine to medium, wi th
some pebbles, b rown color

Sand, medium to doarse, with
pebbles, brown color

S a n d , m e d i u m , w i t h some
pebbles and a minor silty
zone, brown color

S a n d , m e d i u m to coarse ,
a n d some p e b b l e s , b r o w n
color; hit water at about 75
feet

Sand , m e d i u m to coarse ,
w i t h some pebbles , brown
color

S a n d , m e d i u m t o coa r se ,
and some pebbles, brown
color

S a n d , m e d i u m t o coarse ,
and pebbles, brown color

S a n d , m e d i u m t o coarse ,
and a few pebbles, brown
color

Bedrock and auger refusal
at about 98 feet



Miller , Inc.

WELL MW-8
( instal led 12/02/83

{Cont}
and 12/04/83)

Borehole depth:
Well depth: 98

98 feet
feet

Screened interval:
Well construction:

Comments Cave-in
feet; 0

98 to 68 feet
68 feet of 2-inch-diameter PVC casing
over 30 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up
to about 50 feet; sand pack to about 48
5 feet of bentonite on top of sand pack;

formation cuttings to about 5 feet;
to ground level; protective cover

cement up
installed
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Gcrashtv & Miller, Inc.1
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WELL
( instal led

Sample Depth Blow
Interval ( f t ) Count

0.0 - 1.5 grab

5.0 - 6.5 2-2-2

10.0 - 11.5 5-8-10

15.0 - 16.5 5-7-22

20.0 - 21.5 5-7-10

25,0 - 26.5 5-17-24

30.0 - 31.5 7-7-10

35.0 - 36.5 5-8-9

40.0 - 41.5 5-7-8

45.0 - 46.5 5-8-9

50.0 - 51.5 5-8-9

MW-9
12/05/83)

Description

C l a y , s i l t , and pebb les .
brown color; probably repre-
sents fill

Clay, silt, pebbles, and some
black (cinder type) material;
•probably represents f i l l

Clay, with silt and some fine
sand, and a few rock frag-
ments , fa i r ly dense, brown
co lo r ; p r o b a b l y n a t u r a l

Clay with silt, becoming more
pebbly and sandy towards
base, f a i r l y dense , b rown
color ; p r o b a b l y n a t u r a l

Clay with some silt, fairly
dense, brown color

Pebbles and silt, with some
clay and minor s and , da rk
brown color

Silt with clay, dark brown
color

Silt and very fine sand, with
m i n o r c l a y , b r o w n co lor

Sand, very f ine , and silt.
brown color

S a n d , very f i n e , and some
p e b b l e s , b r o w n c o l o r

Pebbles, with some sand and
silt, brown color
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Geraghcy £ Miller, Inc.

WELL MW-9 (Cont)
inscalled 12/05/83)

Sample Depth
Interval {ft;

Blow
Count Description

55.0 - 56.5

60.0 - 61.5

5-6-8 P e b b l e s , w i t h m e d i u m to
coarse sand, and minor silt,
brown color

10-11-15 Sand, f ine to medium, with
, pebbles and a layer (about

1 - i n c h t h i c k ) o f b l a c k
(peat type) material, brown
color

65.0

70.0

75.0

80.0

85.0

90.0

95.0

100.0

- 66.5

- 71.5

- 76.5

- 81.5

- 86.5

- 91.5

- 96.5

- 100.5

18-19-18

8-8-9

15-18-20

14-15-19

18-16-16

9-10-11

10-11-16

51/6"

Sand, medium to coarse, and
p e b b l e s , b r o w n c o l o r

Sand, medium to coarse, and
pebbles , b rown color; h i t
w a t e r a t a b o u t 7 0 f e e t

Sand, medium to coarse, and
p e b b l e s , b r o w n c o l o r

Sand, medium to coarse, and
some small pebbles , b rown
color

Sand, medium to coarse, and
some pebbles , brown color

Sand, medium to coarse, and
p e b b l e s , b r o w n c o l o r

Sand, medium to coarse, and a
few pebbles, brown color

Sand , raed ium to coarse , with

100.5 - 101.0

some small pebbles , brown
color, changing to clay with
s a n d , p e b b l e s , a n d rock
f r a g m e n t s , g rey to b rown
color

Bedrock and auger refusal at
about 101 feet
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Gcraghty £ Mi l l e r , Inc.

WELL MW-9 (Cont)
(installed 12/05/83)

Borehole depth: 101 feet
Well depth: 101 feet
Screened interval: 101 to 71 feet
Well construction: 71 feet of 2-inch-diameter PVC casing

over 30 feet of 2-inch-diameter, 0.010-
inch-slot, PVC screen; about 2 feet of
PVC stick-up

Comments: Cave-in to about 55 feet; sand pack to about 53
feet; formation cuttings to about 15 feet; 1 foot
of cement and 0.5 feet of bentonite on top of
cuttings; formation cuttings to about 5 feet;
cement up to ground level; protective cover
installed
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Gsrajhty & Miller , Inc.

WELL MW-10
{installed 12/05/83

Sample Depth Blow
Interval (ft) Count Description

0.0 - 1.5

5.0 - 6.5

10.0 - 11.5

15.0 - 16.5

grab

6-6-6

WOH

19-17-21

20.0

25.0

30.0

35.0

40.0

45.0

- 21.5

- 26.5

- 31.5

- 36.5

- 41.5

- 46.5

27-39-32

10-8-5

7-14-19

7-9-12

9-9-10

9-10-12

S i l t , s a n d , some c lay and
pebbles, and some a lumina
powder, brown to grey color;
p r o b a b l y r e p r e s e n t s f i l l

Sand, f i ne / and silt, with
a few pebbles and minor clay,
brown color; probably repre-
sents fill

No recovery; based on blow
count must be f a i r ly oozy;
probably represen t s f i l l ;
hit perched water at about 10
feet

Pebbles , rock f r a g m e n t s ,
silt , and some sand , d a r k
brown color; probably repre-
sents compacted fill; driller
through the lithology change
occurred at abou t 13 f ee t

Poor recovery of only gravel;
may be the same as above

Sand, medium, and silt with
some pebbles, brown color;
probably natural

Sand, f ine/ wi th some silt,
brown color

Silt wi th f ine sand, brown
color

Sand, fine, with silt, brown
color

Sand, fine, with minor silt
and pebbles , b rown color
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] Gcraghcy & Miller, Inc.

WELL HW-10 (Cont)
(installed 12/05/83)

Sample Depth
Interval X^t

Blow
Count Description

i

50.0 - 51.5

55.0 - 56.5

60.0 - 61.5

65.0 - 66.5

70.0 - 71.5

75.0 - 76.5

80.0 - 81.5

85.0 - 86.5

90.0 - 91.5

95.0 - 96.5

100.0-100.5

7-9-10 Sand, f i ne , wi th some silt
and pebbles , brown color

12-18-17 Sand, medium to coarse, with
pebbles and minor silt, brown
color

i
9-10-10 Sand, medium to coarse, with

pebbles, minor silt, and some
black (peat type) material,
brown color

9-11-17 Sand, medium to coarse, with
some pebbles,- brown color

14-21-24 Sand, medium to coarse, and
pebbles, with some rock frag-
ments, brown color

13-11-10 Sand, medium, brown color;
hit water at about 74 feet

15-16-21 Sand, medium to coarse, and
some pebbles, with minor
silt, brown color

9-19-24 Sand, medium to coarse, with
some pebbles, brown color

14-18-23 Sand, coarse, with pebbles,
brown color

17-30-28 Sand, medium to coarse, and
pebbles, brown color

51/3" Bedrock- at about 100 feet;
auger refusal at about 100.5
feet; decomposed rock on lead
auger is grey color and looks
like weathered shale or mud-
stone
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& Miller , Inc.

WELL MW-10 ( C o n t )
(installed 12/05/83

Borehole depth:
Well depth: 100

100 feet
feet

Screened interval:
Well construction:

Comments: Cave- in
cave-in

100 to 70 feet
70 feet of 2-inch -diameter PVC casing
over 30 feet of 2- inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up
to about 31 feet; sand pack and more
to about 10 feet; 1 pack of cement plus

more cave- in to about 5 f ee t ; cement up to
ground level; protective cover installed

1
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J
Geraghty & Miller , Inc.i

i
Sample Depth

j Interval ( f t )
j

0.0 - 1.5i
j 5.0 - 6.5
J

1 10.0 - 11.5
j

] 15.0 - 16.5
*

\
•i 20.0 - 21.5
1

25.0 - 26.5
j
*

j 30.0 - 31.5-

WELL MW-11 -
(installed 12/06/83)

Blow
Count Description

grab B l a c k t o p ( a b o u t 4 - inches
thick) chang ing to pebbles ,
silt, and sand, brown color;
probably represents f i l l

No sample, attempted because
of buried pipes

3-3-4 Pebbles , silt , sand , and
some c l a y , b r o w n co lor ;
probably represen t s f i l l

9-12-18 . S a n d , m e d i u m , and s i l t ,
wi th some pebbj.es and rock
f r a g m e n t s , b r o w n color ;
probably natural ; sample is
damp

4-5-6 Silt w i th ve ry f i n e sand ,
brown color

3-5-4 Silt w i t h some very f i n e
sand, changing to pebbles
with medium to coarse sand.
and minor silt, brown color

6-9-8 Sand, medium to coarse, with

j
]
1

pebbles, rock fragments, and
s o m e s i l t , b r o w n c o l o r

35.0 - 36.5 6-8-9 S a n d , m e d i u m , w i t h some
pebbles and a few rock frag-
ments, brown color

40.0 - 41.5 3-5-6 Sand, coarse, and pebbles,
with some silt, brown color

45.0 - 46.5 4-6-5 Sand, coarse, with pebbles
and some silt, brown color
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cv & Mil ler , Inc

3
1

Sample Depth
Interval ( f t

50.0 - 51.5

55.0 - 56.5

60.0 - 61.5

65.0 - 66.5

80.0 - 81.5

85.0 - 86.5

90.0 - 91.5

95.0 - 95.5

WELL MW-11 (Cont)
(installed 12/06/83)

Blow
Count Description

9-11-10

22-22-25

15-12-14

Sand, medium to
some pebb l e s ,
f r agmen t s , and
brown color

coarse, with
a few rock
minor silt,

15-15-19

Sand, medium to coarse, and
.pebbles, brown color

Sand, medium to coarse, with
some pebbles and a layer
( a b o u t 1/2-inch t h i c k ) of
black (peat type) material,
brown color

Sand, medium to coarse, with
pebbles and a few rock frag-
ments, brown color

70.0

75.0

- 71.5

- 76.5

17-26-27

8-9-11

S a n d , m e d i u m , w i t h a few
pebbles, brown color

Sand, medium to coarse, and
small pebbles r brown color;
hit water at about 72 feet

8-11-16

52/4 "

7-8-9

65/3

S a n d , m e d i u m t o c o a r s e ,
w i t h some pebbles , b rown
color

Rock f r a g m e n t s , dark grey
color; driller thought he may
have augere.d through cobbles
f r o m about 85 to 87 fee t

Sand, medium to coarse, with
a few small pebbles, brown
color

Bedrock and auger refusal at
about 95.5 feet; no recovery
on sample attempt
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Gcraghty & Miller, Inc

WELL MW-11 (Cont
{installed 12/06/83)

Borehole depth: 95.5 feet
Well depth: 95.5 feet
Screened interval: 95.5 to 65.5 feet
Well construction: 65.5 feet of 2-inch-diameter PVC casing

over 30 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 1.5 feet of
PVC stick-up

Comments: Cave-in to about 25 feet; sand pack to about 23
feet; 1 sack of cement and 0.5 feet of bentonite
on top of sand pack; formation cuttings to about
5 feet; cement up to ground level; protective
cover installed

1
1

3
1

101
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Gcraghcy & Miller , Inc

WELL ' ->-12
(installed i?7S7/83)

Sample Depth Blow
Interval_(ft) ___Count Description

0.0 - 1.5

5.0 - 6.5

10.0 - 11.5

15.0 - 16.5

20.0 - 21.5

25.0 - 26.5

30.0

35.0

40.0

45.0

31.5

36.5

41.5

46.5

grab

2-2-2

2-2-2

4-3-5

5-4-5

5-8-7

4-3-6

4-4-6

9-5-10

7-8-10

Sil t and s a n d , w i t h some
clay and a few pebbles, brown
color; probably represents
fill

Silt, sand, clay/ and a few
rock fragments, brown color;
may be natural

Clay w i t h some si l t , ve ry
sof t and p las t i c , g rey to
green color; probably natural;
sample is damp

Sil t , f i n e sand, and some
clay, brown color, becoming
more sandy and grey colored
toward base

Silt and sand, with some
clay and a few pebbles, brown
color

Sand, medium, and pebbles,
with some silt, brown color;
hit water at about 26.5 feet

Sand, medium, and pebbles,
brown color

Sand, medium to coarse, and
pebbles, brown color

Sand, med i urn to coarse, and
small pebbles, brown color

S a n d , m e d i u m to coarse ,
brown color
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Geraghty & Miller, Inc

Sample Depth
Interval ( f t )

50.0 -

55.0 -

60.0 -

65.0 -

66.5 -

51.5

56.5

61.5

66.5

67.0

WELL MW-12 (Cont )
( instal led 12/07/83)

Blow
Count Description

7-11-17 S a n d , m e d i u m , w i t h smal l
pebbles, brown color

23-37-34 Sand, medium to coarse, and
pebbles, brown color

1 6-22-19 Sand , med ium to coarse , and
<a few pebbles, brown color

21-18-51/5" Sand, medium to coarse, and
some p e b b l e s , brown color

Bedrock at about 66.5 feet ;

I
auger refusal at about 67
feet

Borehole depth: 67 feet
Well depth: 67 feet
Screened interval: 67 to 27 feet
Well construction:

Comments:

27 feet of 2-inch-diameter PVC casing
over 40 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Cave-in to about 15 feet; 1 sack cement and 0.5
feet of bentonite on top of cave-in; formation
cuttings to about 4 feet; cement up to ground
level; protective cover installed

1
3
3
I
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Giraehtv & Miller, Inc

WELL MW-13
(installed 12/07/83}

Sample Depth
Interval (ft

Blow
Count Descriotion .

0.0 - 25.0

25.0 - 26.5 3-13-19

No sampling attempted because
this zone is compr i sed of
fill and rubble, i.e., brick,
c i n d e r s , c a r b o n , e t c .

Silt, sand, and clay, with a
f ew small pebbles , b rown
color; p robab ly n a t u r a l ;1

*tI
I

•
i3

3m
_
1

1

30.0

35.0

40.0

45.0

50.0

55.0

60.0

65.0

70.0

- 31.5

- 36.5

- 41.5

- 46.5

- 51.5

- 56.5

- 61.5

- 66.5

- 71.5

5-6-7

5-4-4

3-3-4

WOH-2-2

WOH-4-5

2-4-7

3-4-9

24-27-28

7-9-14

fill/natural contact believed
to be between 20 and 25 feet

Silt and fine sand, with some
clay, brown color

Silt and fine sand, with some
clay, brown color

Silt and fine sand, with some
clay, brown color

Silt, f i ne sand , and clay.
brown color

Sand, f ine , and silt, with
some c l a y , b r o w n co lo r ;
hit wa te r at about 48 feet

Sand , fine , wi th silt, brown
color

Sand, f i n e , and silt wi th
some c l a y , b r o w n c o l o r

Pebbles and medium to coarse
sand, brown color

Pebbles and medium to coarse
sand, with minor silt, brown
color

I
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Gcraghcy & Mil ler , Inc

1

I

WELL MW-13 (Cont)
(installed 12/07/83)

Sample Depth Blow
Interval ( ft) ____ Count ______ Description ______________

75.0 - 76.5 7-7-9 Sand, medium to coarse, with
some pebbles and some black
(peat type) material at base
o f s a m p l e , b r o w n c o l o ri

80.0 - 81.5 10-12-14 S a n d , m e d i u m to coa r se ,
brown color

85.0 - 86.5 29-34-40 Sand, medium to coarse, with
pebbles and some rock frag-
merits, brown color; decom-
posed rock towards base

88.0 - Bedrock probably at about 88
feet; driller did not want to
stress augers until refusal

Borehole depth: 88 feet
Well depth: 87 feet
Screened interval: 87 to 57 feet
Well construction: 57 feet of 2-inch-diaroeter PVC casing

over 30 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Comments: Cave-in to about 49 feet ; sand pack to about
44 feet; cave-in to about 25 feet; 1 sack of
cement and 0.5 feet of bentonite on top of cave-
in; formation cuttings to about 5 feet; cement
up to ground level; protective cover installed
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Miller, Inc.

WELL MW-14
( instal led 12/08/83}

Sample Depth Blow
Interval (ft)____Count______Description______________

0.0 - 1.5 grab Sand, silt, rock fragments,
and some brick, dark brown
color; probably represents
fill

5.0 - 6.5 6-2-3 Sand, silt, pebbles, and some
slag, dark brown color; prob-
ably represents fill

10.0 - 11.5 1-2-8 Silt with some very fine
sand, a few pebbles, and some
cl ay, brown color; probably
natural

15.0 - 16.5 3-2-3 Silt and fine sand, with a
few pebbles, and minor clay,
brown color

20.0 - 21.5 3-2-3 Clay with silt, and some
sand and pebbles, grey color;
could also be called silt
with clay

25.0 - 26.5 2-1-2 Silt and clay, with some
sand and pebbles, dark brown
to grey color; very poor
recovery

30.0 - 31.5 .3-2-4 Clay with some silt, soft and
plastic, grey color

35.0 - 36.5 4-6-9 Clay with.some silt, soft and
plastic/ mottled green to
grey color; pushed Shelby
tube from 35 to 37 feet with
full recovery

40.0 - 41.5 4-5-6 Clay with some silt, mottled
green to grey color

45.0 - 46.5 5-12-16 Sand/ medium, with pebbles,
brown to grey color; tip of
sample is wet
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Gcraghty & Miller, Inc

WELL MW-14 (Cont)

Sample Depth
Interval ( f t )

50.0 - 51.5

55.0 - 56.5

60.0 - 61.5

65.0 - 66.5

70.0 - 71.5

75.0 - 76.5

80.0 - 81.5

85.0 - 86.0

( instal led 12/08/83)

Blow
Count Description

8-10-13 Sand, medium to coarse, with
some pebbles, brown color;
hit wa te r at about 44 feet

2-4-10 Sand, medium to coarse
pebbles, brown color

6-11-17 Sand, medium to coarse
small pebbles, brown

, and

, and
color

15-14-12 Sand, medium to coarse, and
some pebbles, brown color

17-23-24 No recovery; probably
as above

12-19-25 Sand, medium to coarse
pebbles, brown color

same

, and

12-12-12 Sand , m e d i u m to coarse,
brown color

51/1" Bedrock at about 85.5 feet;
auger r e f u s a l at about 86
f e e t ; n o r e c o v e r y f r o m
sampling attempt

Borehole depth: 86 feet
Well depth: 86 feet
Screened interval: 86 to 46 feet
W*ll construction: 46 feet of 2-inch-diameter PVC casing

over 40 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Comments: Cave-in to about 13 feet; 0.5 feet of bentonite
on top of cave-in; formation cuttings to about 5
feet; cement up to ground level; protective cover
installed
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Grraghty & Mil ler , Inc.

Sample Depth
Interval ( f t

0.0 - 1 .5

5.0 - 6.5

10.0 - 11.5

15.0 - 16.5

20.0 - 21.5

25.0 - 26.5

30.0 - 31.5

35.0 - 36.5

40.0 - 41.5

45.0 - 46.5

WELL HW-15
(installed 12/12/33

Blow
Count Description

grab

5-6-7

5-7-10

6-9-8

7-13-19

13-19-19

15-17-20

6-9-19

16-23-26

7-8-8

C i n d e r type m a t e r i a l w i t h
s i l t a n d p e b b l e s , b l a c k
color; probably represents
fill

Sand, medium, and some peb-
bles, black (peat type) mate-
rial towards base, brown to
tan color, probably natural

Sand, medium, with some peb-
bles, brown to tan color

S a n d , m e d i u m , w i t h some
pebbles, brown to tan color

S a n d , m e d i u m , w i t h some
p e b b l e s a n d m i n o r s i l t ,
brown to tan color

Sand, medium, wi th pebbles
and a few rock f r a g m e n t s ,
brown to tan color

Sand, medium,
tan color

with pebbles

Sand, medium to f ine , w i t h
some pebbles and a layer
(about 1 inch thick) of black
(peat type) material, brown
to tan color

S a n d , m e d i u m to coa r se ,
with pebbles and minor silt,
brown color

S a n d , m e d i u m t o coa r se ,
with some pebbles and minor
silt, brown color; hit water
at about 42 feet
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Gerachcy £ Miller, Inc

WELL MW-15 (Cont)
(installed 12/12/83)

Sample Depth
Interval (ft;

Blow
Count Description

50.0 - 51.5

55.0 - 56.0

6-9-14

40-51/2"

Sand, medium to coarse,
pebbles, brown color

and

Bedrock at about 55 f e e t ;
auger r e f u s a l at about 56
f e e t ; sample consis ted of
decomposed rock, brown color

Borehole depth: 56 feet
Well depth: 56 feet
Screened interval: 56 to 36 feet
Well construction: 36 feet of 2-inch-diameter PVC casing

over 20 feet of 2-inch-diaraeter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Comments: Cave-in to about 18 feet; 0.5 feet of bentonite
on top of cave-in; formation cuttings to about 5
feet; cement up to ground level; protective cover
installed

i
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Genghry & Miller , Inc

WELL MW-16.•i
i
j

Sample Depth
Interval ( f t )

0.0 -

5.0 -

1.5

6.5

( installed

Blow
Count

grab

2-5-9

12/12/83 to 12/13/33)

Description

S i l t , w i t h some c l ay and
m i n o r s a n d , b rown co lor ;
probably mostly represents
fill

Clay, with silt, a few peb-
, bles, and some cinder -type

material, brown color; prob-
ably represents fill

10.0 - 11.5 7-7-7 Pebbles, with sand and silt,
brown color; probably natural

15.0 - 16.5 6-9-7 Sand, medium, with some peb-
bles and silt, brown color

20.0 - 21.5 9-14-15 Sand, medium, with pebbles
and minor silt, brown color

25.0 - 26.5 8-10-10 Sand, medium, with pebbles,
brown color

30.0 - 31.5 " 7-8-8 Sand, medium to coarse, and
a few pebbles, brown color

35.0 - 36.5 12-18-24 Sand, medium, with some peb-
bles and a few rock f rag-
ments, brown color

40.0 - 41.5 27-24-28 Sand, medium, with some peb-
bles and a few rock f r a g -
ments, brown color

45.0 - 46.5 16-17-24 S a n d , m e d i u m , w i t h some
pebbles and rock fragments,
brown color

50.0 - 51.5 11-20-27 Sand, med-ium, and pebbles,
with minor silt, brown color;
hit water at about 50 feet

no



Geraghcy £ Miller, Inc

WELL MW-16 (Cont)
(installed 12/12/83 to 12/13/83)

Sample Depth Blow
Interval (ft) Count Description

55.0 - 56.5

60.0 - 61.5

65.0 - 66.5

70.0 - 71.5

75.0 - 76.5

80.0 - 81.5

23-25-27

16-19-18

11-17-18

11-13-21

21-11-9

26-28-24

Sand, medium, and pebbles,
with minor silt, brown color

Sand, medium
a few small
color

to coarse, and
pebbles, brown

84.0

Sand, medium to coarse, with
pebbles, brown color

Sand, medium to coarse, and
a few pebbles, brown color

Sand, m e d i u m , * wi th a few
pebbl es, and a zone (about 1
inch thick) of black (peat
type) material, brown color

Sand , m e d i u m to coarse ,
brown color, chang ing to
saprolite (decomposed rock)
resembling a sandstone rem-
nant; change at about 81.5
feet

Bedrock and auge r r e fusa l
at about 84 feet

Borehole depth: 84 feet
Well depth: 81.5 feet
Screened interval: 81.5 to 46.5 feet
Well-construction: 46.5 feet of 2-incn-diaraeter PVC casing

over 35 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Comments: Cave-in to about 31 feet; sand pack to about 30
feet; 0.5 feet of bentonite on top of sand pack;
formation cuttings to about 5 feet; cement up to
ground level; protective cover installed
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& Miller, Inc

W E L L MW-17

1
3
3

1

3
1
1
i

Sample Depth
Interval (ft)

0.0 - 1.5

5.0 - 6.5

10.0 - 11.5

15.0 - 16.5

20.0 - 21.5

(installed 12/13/83)

Blow
Count Description

grab Cinder type material with
pebbles and silt, brown

! color; probably mostly repre-
sents fill

4-3-2 Sand,
bles

4-6-7 Sand,
brown

5-6-6 Sand,
brown

7-8-5 Sand,

medium
and sil

medium,
color

medium,
color

medium

to coarse, peb-
t , brown color

with pebbles.

with pebbles.

, with pebbles

25.0 - 26.5

40.0 - 41.5

45.0 - 46.5

50.0 - 51.5

10-10-13

30.0 - 31.5

35.0 - 36.5

12-23-33

24-44-49

and some black (peat type)
material, brown color

Sand, medium, with some peb-
bles and some black (peat
type) material, brown color

Sand, medium to coarse, and
pebbles, brown color

Sand, medium, with pebbles
and rock fragments, brown
color

11-16-22 Sand, fine, with a few peb-

14-20-20

11-11-15

Sand, medium,
brown color .

and pebbles.

Sand, medium to coarse, and
small pebbles, brown color
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Gcraghcy & Miller, Inc

WELL MW-17 (Cent)
installed 12/13/83

Sample Depth Blow
Interval (ft)____Count

55.0 - 56.5

60.0 - 61.5

65.0 - 66.5

70.0 - 71.5

75.0 - 76.5

77.0

Description

9-13-16

14-31-24

11-23-22

11-31-51/2"

Sand, medium to coarse, and
small pebbles, brown color

Sand, medium, and some peb-
bles, brown color

Sand, medium, with some peb-
bles , chang ing to hard silty
clay at base, brown color;

^ . _ L_ ^ f ^ I

clay at
c h a n g e

base,
a t a b o u t 66 f e e t

Sand, medium to coarse, and
pebbles / chang ing to hard
sandy clay (probably decom-
posed r o c k ) , brown color;
c h a n g e at a b o u t 71 f e e t

C l a y , d e n s e , h a r d , a n d
stiff, grey to brown color;
probably represents decom-
posed rock

Bedrock and auger r e f u s a l
at about 77 feet

i

Borehole depth: 77 feet
Well depth: 76 feet
Screened interval: 76 to 36
Well construction:

Comments: Cave-in

feet
36 feet of 2-inch-diameter PVC casing
over 40 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up
to about 5 feet; cement up to ground

level; protective cover installed; owing to
weather conditions, there was standing surface
water (a few inches up to a foot) all around this
location, so a gravel (10 tons) pad was installed
at the drilling location
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G:::<chcv & Mi l l e r , Inc.

1
W E L L HW-18

( i n s t a l l ed 12/13/83)

i
i

i

i
i

i

i
i
j

Sample Depth
Interval ( f t )

0.0 - 1.5

5.0 - 6.5

10.0 - 11.5

15.0 - 16.5

20.0 - 21.5

25.0 - 26.5

30.0 - 31.5

35.0 - 36.5

40.0 - 41.5

45.0 - 46.5

Blow
Count Description

grab

7-9-6

4-6-8

8-17-14

8-13-17

9-7-7

7-9-11

11-10-14

9-10-12

47-21-19

Sand , m e d i u m , and pebbles,
brown color; probably natural

S a n d , m e d i u m , w i t h
pebbles, brown color

s o m e

S a n d , m e d i u m , w i t h m i n o r
amounts of black (peat type)
material, brown color

Sand, medium with one large
rock f r a g m e n t , brown color

Sand, mediurn, with some peb-
bles, brown color

Sand, medium, with a few peb-
bles and rock fragments, and
minor amounts of black (peat
type) material, brown color

Sand, medium to coarse, with
some rock f r a g m e n t s a n d
pebbles and a few rock frag-
ments, brown color

Sand, medium, with some peb-
bles and a few rock f r a g -
ments, brown color

Sand, medium to coarse, with
p e b b l e s a n d m i n o r s i l t ,
brown color; hi t water at
about 39 feet

Sand, medium to coarse, with
pebbles and some silt, brown
color; driller thought he had
augered through cobbles from
about 40 to 45 feet
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Gcraghcy & Miller, In:

WELL MW-18 (Cont)
installed 12/13/83)

Sample Depth
Interval (ft

Blow
Count Description

50.0 - 51.5

55.0 - 56.0

59.0

15-26-38 S a n d , m e d i u m , w i t h s i l t ,
p e b b l e s , and a f ew rock
f r a g m e n t s , b r o w n c o l o r

35-51/5" Decomposed rock (saprolite),
hard and friable, grey color;

' may represent weathered shale

Bedrock and auger refusal at
about 59 feet

Borehole depth: 59 feet
Hell depth: 59 feet
Screened interval: 59 to 39 feet
Well construction: 39 feet of 2-inch-diaraeter PVC casing

over 20 feet of 2-inch-diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Comments: Cave-in to about 18 feet; 0.5 feet of bentonite
on top of cave-in; formation cuttings to about 5
feet; cement up to ground level; protective cover
installed .
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GeMsncy & Miller , Inc

1
j
I

W E L L M W - 1 9

}

I

I

1

1

]

I

1

Sample Depth
Interval ( f t )

0.0 -

5.0 -

10.0 -

15.0 -

20.0 -

25.0 -

1 .5

6.5

11 .5

16.5

21 .5

26.5

( instal led

Blow
Count

grab

5-16-16

6-4-6

5-8-8

4-6-6

4-9-18

12/14/83}

Descriot ion

Clay, with some silt, brown
c o l o r ; p r o b a b l y n a t u r a l

Clay , w i t h some silt and a
f e w p e b b l e s , b r o w n co lor ;

tprobably natural

Silt and pebbles, brown color

Sand, medium, and a few peb-
bles, brown color

Sand, medium to coarse, with
a few pebbles and a thin
layer of black (peat type)
material, brown color

S a n d , m e d i u m t o c o a r s e .
with a few pebbles and a thin
1 91* A ** ** P K 1 « «U- / « A » V * vi v+f*. \

material, brown color

30.0 - 31.5 10-13-14 Sand, medium to coarse, and
rock fragments (broken peb-
bles), brown color

35.0 - 36.5 30-38-50 Sand, medium, and pebbles,
brown to tan color

40.0 - 41.5 16-24-24 Sand, medium to coarse, and
pebbles, brown color

45.0 - 46.5 19-13-12 Sand, medium to coarse, with
pebbles and a few rock frag-
ments, brown color; hit water
at about 45 feet

50.0 - 51.5 21-21-23 No recovery, probably mainly
sand

55.0 - 56.5 8-3-3 Sand, medium to coarse, with
a few pebbles, brown color

116



Genghty & Miller, Inc

WELL MW-19 (Con t )
{installed 12/14/83)

Sample Depth
Interval ( f t

Blow
Count Description

60,0 - 61.5

63.0 - 64.0

6-9-12 Sand, medium to coarse/ with
some silt, and clay toward
base, brown color :

Bedrock and auger refusal at
about 64 feet; probably en-
countered decomposed rock at
about 62 feet; material on
lead auger looked like decom-
posed grey shale

Borehole depth: 64 feet
Well depth: 64 feet
Screened interval: 64 to 44 feet
Well construction: 44 feet of 2-inch-diameter PVC casing

over 20 feet of 2-inch-dianeter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up

Comments: Cave-in to about 31 feet; sand pack to about
29 feet; 1 foot of bentonite on top of sand pack;
formation cuttings to about 5 feet; cement up to
ground level; protective cover installed
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G c r a c H c v & M i l l e r , Inc.

]
]

1
]

1

1

1

Sample Depth
Interval (ft;

0.0 - 1.5

5.0 - 6.5

10.0 - 11.5

12.0

15.0

14.0

17.0

20.0 - 21.5

25.0 - 26.5

30.0 - 31.5

35.0 - 36.5

WELL HW-20
(installed 12/14/83}

Blow
Count

grab

4-5-7

4-5-7

4-3-3

9-16-20

Description

9-12-18

Clay, with some silt, brown
color; probably natural

Clay, with minor silt, fairly
dense and stiff, brown color

Clay, with minor silt, fairly
dense and stiff, brown color;
clay is similar in appearence
to that observed at MW-8, but
appears to be less silty than
cl ays found at the MW-12 and
MW-13 locations

Pushed Shelby -tube with no
recovery

Pushed Shelby tube with full
recovery; material consists
of clay with some silt, brown
color

Silt and clay, with very fine
sand, very so-ft and plastic,
brown color; sample taken
from auger run-up

Silt and clay, with very fine
sand, very soft and pi as tic,
brown color

Silt, with clay and very fine
sand, chang ing to sand and
pebbles, with some silt,
brown color; change at about
31 feet

Pebbles with coarse sand,
brown color
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Gcra£h:y & Miller, Inc

WELL MW-20
(installed 12/14/83)

Sample Depth
Interval (ft

Blow
Count Description

40.0 - 41.5

45.0 - 46.5

50.0 - 51.5

55.0 - 56.5

60.0 - 61.5

65.0

9-17-18

14-13-17

9-25-30

27-23-31

23-32-23

P e b b l e s w i t h m e d i u m t o
coarse sand, b rown color

S a n d , m e d i u m t o c o a r s e ,
w i t h pebbles , b r o w n color

S a n d , m e d i u m t o c o a r s e ,
brown color; base of sample
resembles decomposed sand-
stone

S a n d , med ium* ,
fragments toward
color

w i t h rock
base, brown

S a n d , m e d i u m , w i t h some
pebbles and rock fragments
toward base, brown color

Bedrock
at about

and auger
65 feet

r e f u s a l

3
3

]
]

Borehole depth: 65 feet
Hell depth: 64 feet
Screened interval: 64 to 34 feet
Well construction;

Comments: Cave-in

34 feet of 2-inch-diameter PVC casing
over 30 feet of 2-inch diameter, 0.010-
inch-slot PVC screen; about 2 feet of
PVC stick-up
to about 20 feet; 1 foot bentonite on

top of cave in; formation cuttings and more
cave-in to about 9 feet; 1 foot of bentonite on
top of formation cuttings; cement up to ground
level (i.e., about 7 to 8 feet of cement? pro-
tective cover installed; due to weather con-
ditions, surface water is several inches deep
all around this location

119



J
Gcrighty & Miller , Inc

i

i
i
i

i

j
i

APPENDIX B

Soil-Testing Results
j Orinet Corporation

Hannibal', Ohio
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APPENDIX S

,TS OF FALLING-HEAD PERMEABILITY TESTS AND CATION EXCHANGE ANALYSES

Sample Cation Natural
Depth Exhange Moisture
Interval Capacity Content
(ft) (mea/IOOg) - (percent)

Falling-
Head
Permeability
K (on/sec)

Sairple
Description

10.0 - 11.5 7.6

45.0 - 46.5 5.7

40.0 - 41.5 6.9

10.0 - 11.5 10.3

35.0 - 37.0

15.0 - 17.0

dyzed

23.5

21.6

3.00x10-8

9.02x10-8

Soft silty clay

Clayey sandy silt

Silty clay

Clay, with minor
silt

Soft silty clay

Silty clay
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APPENDIX C

Water-Level Data
Ormet Corporation,

| Hannibal, Ohio
•* i

C-l Results of 1983-1984
Water-Level Measurements

J From MW-Series and TH-
Series Wells

C-2 Median Values from 1972
| Water-Level Measurements

From TH-Series Wells
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Appendix C-l o
n

Water-Level Data From 1983-1984 Measurements at MW-Series
and TH-Series Monitor Hells

tou*

Hell
Number

HK-I
MM- 2
MW-3
MM- 4
MW-5
MK-6
HW-7
HW-8
HH-9
HW-IO
HW-11
MM- 1 2
MM- 1 3
BW-14
HW-1S
HW-16
Ml- 1 7
HM-1B
MW-19
MW-20

Til- 3
TH-10
Til- 1 1
TH-15
Til- 16
Til- 1 7
6-inch

River

, Elevation of
Measuring

point
(ft above HSL)

668.33
668.11
645.20
661.09
668.17

*
667.94
667.76
666.63
667.20
667.30
636.77
661.43
653.66
657.26
662.68
654.99
660.65
661.94
632.33

667.82.
658.17
658.75
663.65
664.68
663.96
664.62

(RP-I) 643.17

December
Depth to Water
Delow Measuring

Point
(ft)

54.96
60.29
39.67
63.75
69.05

*
' 61.73
76.85
75.70
77.18
69.04
25.62
44.15
40.63
40.57
51.32
4IJ68
40:52
43.59
12.90

61.60
-
-

72.83
73.33
72.63
51.00

20.3

28, 1983
Elevation

of
Water

(ft above HSL)

613.37
607.82
605.53
597.34
599.12
•

606.21
590.91
590.93
590.02
598.26
611.15
617.28
613.03
616.69
611.36
613.11
620.33
618.35
619.43

606.22
-
-

590.62
591.35
591.33
613.62

622.9

January
Depth to Water
Below Measuring

Point
(ft)

54.93
60.20
37. 5U
62.70
60.23

*
60.68
75.31
74.01
75.47
68.12
25.71
44.15
40.73
40.90
51.49
41.93
40.42
44.00
12.97

61.36
40.51
37.07
71.32
71.20
70.78
51.16

19. 5

31L 1984
Elevation

of
Water

(ft above HSL)

6)3.4U
607.91
607. (>2
596.39
599.94
•

61)7.06
592.45
592.62
591.73
599. IB
61 1.06
617.28
612.93
616.36
61 1.19
613.06
620. -13
617.94
619.36

606.46
617.66
621. GU
592.33
5^3.48
593.16
613.46

623.7

* Ho well installed

- Ho measurement collected

Notes Water level measurements (except measurements of HH-9, TH-1S, Til-16, and Til-17, 1/31/64,
collected with an M-scope) collected using steel tape/chalk method* measuring point for
2-Inch diameter wells is top of PVC casingi measuring point of 6-inch and larger diameter
wells is top of steel caaingj measuring point for river is top of steel beam along a
walkway-

(
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APPENDIX C-2

MEDIAN WATER-LEVEL DATA FROM TH-SERIES MONITOR WELLS

well
Number

TH-0
TH-1
TH-3
TH-4
TH-5
TH-6
TH-7
TH-8
TH-9
TH-10
TH-11
TH-12
TK-13
TH-1 4
TH-14A
TH-15
TH-1 6
TH-1 7
TH-1 8
TH-1 9
8-inch
River

Total Median
Number of Depth to

Time Span Measurements Water
(ft)

2/18/72
1/19/72
1/6/72
1/13/72
1/18/72
1/6/72
1/13/72
1/13/72
1/13/72
1/19/72
1/19/72
2/18/72
2/23/72

7/25/72
7/11/72
6/30/72
6/30/72

7/11/72
1/26/72

- 9/13/72
- 9/13/72
- 9/13/72
- 9/13/72
- 9/13/72
- 9/13/72
- 9/13/72
- 9/13/72
- 9/13/72
- 9/13/72
- 9/13/72
- 9/13/72
- 9/13/72
-
- 9/13/72
- 9/13/72
- 9/13/72
- 9/13/72
-
- 9/13/72
- 9/13/72
7/72

10
17
18
13
15
14
9
18
15
14
15
7
5
-
5
8
9
9
-
8

-(2
1

84.31
80.78
70.79
40.33
50.22
41.38
52.80
46.31
44.89
43.36
37.11
36.12
28.42

Dry Hole
49.79
78.52
78.49
77.88

Dry Hole
79.40
51.58
-

Median Water
Elevation

(ft)

581 .69
583.22
596.70
61 1.43
603:52
604.48
605.39
603.26
603.51
614.81
621.64
602.43
602.88

-
603.58
585.08
585.83
585.67

-
583.23
602.67
602.6
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APPENDIX D

Groundwater-Quality Analyses
t Ormet Corporation
J Hannibal, Ohio

i
J D-l Results of 1983-1984 Field Analyses

of MW-Scries Monitor Well Samples

] D-2 Results of 1983-1984 Laboratory
* Analyses of MW-Series Monitor

Well Samples

J D-3 Results of 1972 Laboratory Analyses
of TH-Series Monitor Well Samples

1 D-4 Averaged Results of 1982-1983
* Analyses of New Interceptor, Old

Interceptor, and Ranney Well Samples

i
i
i
i
i
* 125
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APPENDIX D-1: SAMPLE SET 1

RESULTS OF DECEMBER 1983 FIELD ANALYSES OF GROUNDWATER SAMPLES
FROM HW-SERIES MONITOR WELLS

Ma*

well
Number

MW-1
IIW-2
HW-3
MW-4
MVJ-5
MW-7
t-W-B
MW-9
MW-10
MW-11
HW-12
MW-13
Mrt-14
MW-1 5
MW-1 6
MW-17
j'nAi '" 1 0
LitjfcT • 1 U

MW-20
'fH- 3

Date
Sanpled

12/29/83
12/30/83
12/30/83
12/31/83
12/29/83
12/29/83
12/29/83
12/29/83
12/31/83
12/29/83
12/31/83
12/31/83
12/31/83
12/30/83
12/30/83
12/31/83
12/30/83 1
12/30/83
12/30/83
12/30/83

Taaperature

It
11
15
15
12
22
13
13
28
13
13
15
13
11
12
11
11
10
13
™

P"
(std. units)

6.0
10.3
6.1
6.6
9.5
6.2
9.2
7.2
7,6
9.4
7.3
7.2
7.8
6.7
9.9
7.6
10.0
7.1
6.6
8.1*

Specific
Conductance
(unhos/cm)

210
6,000
710
490

2,825
700
700
600

1,280
825
400
463
395
435

1,800
475

8,750
435
420
345*

————————————— i ——————— ———————————————

Carmen ts

Sample is dark cof fee color

Couldn't get pump down well- sample was bailed
Sample is dark coffee color

Sample is tea color

Couldn't get pump down well- sample was bailed
Sample is tea color

Sample is coffee color

Sample is coffee color

*Samples not thought to be truly representative due to insufficient well evacuation
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APPENDIX D-1: SAMPLE SET 2

RESULTS OF FEBRUARY 1984 FIELD ANALYSES OF GROUNLWATER SAMPLES
FROM W-SERIES MONITOR WELLS

Hell
Number

Hkf-1
HW-2
MW-3
HW-4
fW-5
MW-7
MH-8
MW-9
Mrf-10
MW-11
MW-12
MW-13
MW-14
MW-15
MrM6
MW-17
MW-18
MW-19
MW-20

Date
Sampled

2/2/84
2/4/84
2/2/64
2/2/84
2/1/84
2/2/84
2/2/84
2/2/84
2/4/84
2/1/84
2/3/84
2/3/JB4
2/3/84
2/3/84
2/1/84
2/3/84
2/1/84
2/4/84
2/4/84

Temperature

14
11
1b
13
12
31
13
15
23
12
14
16
14
13
12
13
12
11
13

(Btd. units)

6.1
10.3
6.3
6.8
9.6
5.9
9.5
7.3
7.5
9.5
7.2
7.1
7.8
6.7
9.7
7.4
9.8
6.8
6.5

Specific
Conductance
(umhos/on)

215
2,750
625
525

2,700
750
700
600
800
775
385
430
402
435

1,550
470

7,500
405
365

Connie nts

Sample is dark coffee color

Could not get pimp down well- sample was bailed
Sample is dark coffee color

Sample is tan color
-

Could not get pump down well- sample was bailed
Sample is tea color

Sample is coffee color

Sample is coffee color
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APPENDIX D-2: Sample Set 1

Results of Laboratory Analyses of December, 1983
Groundwater Samples from MW-Series Monitor Wells

samples collected 12/29/83 to 12/31/83; all values
expressed in mg/1 unless otherwise specified)

Si-rolt Location

TctnBDittane* ( 1 ) ( 1 }
field Tenperature CO
pH (std. units)
Conductivity lurttoB/cn) (D
Total Organic Carbon
TQtal Ois»olv*d Solids
7bt*l Alkalinity ICKO^}

Bicarbonate (HOO-)
Carbonate (CO.)
Hydroxide (OH)

Chloride
Flueride
Nitrate Nitrogen
Sulfate
Soditn
Tousaiia
Caleiim
pjqnt*im
Iron
fanoaneae
XLmiiiui
Silica (S102)
Tstal Cyanide (1)
Frt» Cyanide ( 1 )
MRBnia (1)
Ka/Cl Ratio
tCharo* lobaiance

Wrf-l

100
11
6.4

270
t.4

226
59
72

0
0

' 37
0.1
O.l

19
14.2
1.3

33.3
6.8
0.04

O.CS
<0.1

25
O.OIt
0.014
0.098
0.3*
4.4

WB-2

0

11

10.3
6000
800

7560

3980
1440
1680

0
500*
400

1.6
263

1950
4.3

20.6
2.0

55.2
1.98
6.6

190
54.0

0.27
o.cot

3.90
16.6

•rw-3

99

IS
6.5

752
2.9

613

3S7
436

0
0

31
0.1
0.1

166
39.2
1.2

144

15.2
0.92
5.06

0.1

23
0.25
0.014

O.001
1.26
C.1

PM-4

100
15
7.1

613
3.9

411

249
304

0
0

32
1.6
2.2

60
41.5
3.2

88
14.9
0.06

4.76
<0.1

12
0.041

0.011
0.008
1.30
2.0

»*-$

2
12
9.7

3058
260

3040

1340
952
336

0
500-
130
17

457
880

4.5
10.4

2.1
17.5
1.61

4.1

55
18.8
0.064

20.0
1.76

11.9

W*-7

100

22
6.8

613
2.3

466
84

100
0

0
126

0.1
<0.1
57
49.0

" 2.7
61
13.1

1.01
7.88

<0.1

40
0.019
0.020
0.338
0.39
0.6

HH**o

92
13

9.5
820

9.4
625

303

226
72
0

27
11
2.2

95
202

1.4

3.5
0.6

0.20
0.01
0.5

15
0.32
0.017
2.2S
7.48
4.0

MW-9

99
13
7.7

704
36

487

250
305

0
0

30
(.8
1.6

91
111

2.3
60
6.0
0.12

<0.01

<0.1

17
0.41
0.013
0.264
3.70
1.6

PW-10

99
28
7.7

1205

5.1
854

246

300
0
0

75
6.9
6.5

288
195

8.0
95

8.7
0.60
0.26
0.1

25
1.36
0.083
0.027
2.60
2.7

M.-11

as
13

9.6

980

23
805
368

285
80

0
33
33
2.8

77
238

1.6
2.9
0.3
0.46

0.06

o.e
13
0.52
0.021
3.05
7.21
4.8

(1) Teranter analvxed by Omt Laboratory? all othtr putmmtma analywd by nartel Laboratory Service*, Inc. (of laltioor*, Maryland)
mien otherwise Bpecified.

* Analytical rvulta reported to en* signifiewit floure AM to high background interference*.
- Not antlyMd
0 Below detection
Notei All analytical mthcds are cither fm Standard HetMda Cor the Examination of Hater and Maateveter, or U.S. fiwironwntal

frotection Aoancy ntthods ot Ch«ue>l AMlyvU of Water and wutM.

123
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APPENDIX D-2: Sample Set 1 (Cent.)

Results of Laboratory Analyses of December, 1983
Groundwater Samples from MW-Series Monitor Wells

(samples collected 12/29/83 to 12/31/83; all values
expressed in mg/1 unless otherwise specified)

Sarele Location

Transmittanc* (I) (1)
Field Temperature CO
j*f (std. units)
Conductivity (urno*/O») dl
Total Organic Carbon
Total 01*aolv«d Solid*
TOtal Alkalinity (CaCO.)

Bicarbonate (BCD,)
Carbonate (CO.)
Hydroxide (OH)

Otloride
Pluoride
Nitrate Nitrogen
Sulfate
Sodiu*
totassiiji
Caleim
Kaonesi'js
Iron
Kirvjane**
Alumna
Silica (Si02)
Tctal C/anide [1)
free Cyanide ( 1 )
Affwonij (1)
r:»/Cl Ratio
Kraro.* imbalance

fW-12 ' HK-13 ttt-.4 W-15

100
13
7.5

476

2.5
319
1€7
204

0
0

27
2.1
1.1

55
24.3
2.€

74
11.8
<0.01
0.9«

<0.1
14
0.074
0.021
0.072
0.90
3.9

100
15
7.2

540
2.8

381
255
311

0
0

39
1.2
4.4

99
26.1
3.2

76
12.5
<0.01
5.10

<0.1
13
0.22
0.021
0.100
0.67

16.0

100
13
8.0

435
2.5

319
1€8
205

0
0

28
3.0
0.4

68
40.7
2.6

59
9.9
0.30
0.23

<Q.1
14
0.16
0.016
0.038
1.45
1.2

100
11
6.9

568
4.5

393
191
233

0
0

34
0.1

2.6
€8
28.8
1.2

112
5.3
0.14
0.03

<0.1

0.44
0.018
6.020
0.85
8.1

«*•!« nt-17

11
12
9.8

2092
220

2130
1020
512
360

0
600"
110

6.5
130
530

3.0
14.6
4.4

12.4
0.91
2.4

53
7.35
0.034

<0.001
0.8*

30.9

99
11
7.9

€13
2.5

403
277
378

0
0

29
5.6
2.4 -

71
78
1.8

58
9.3
0.44

1.J8
0.1

14

0.99
0.021
0.002
2.69

10.6

W*-18 H*-19 W-20 TH-3 Tit-15

37

11

9.9

10526
320

8640
€390
2450
2630

0
700*
460

0.6
€05

3150
12.«
13.6
4.1

58.7
0.26
4.8

230
110.0

0.45
CO. 001
4.50

14.3

100
to
7.2

561
2.3

3»7
255
311

o'
0

31
0.3
0.1

57
22.9
6.4

109
10.5
<0.01
0.54
0.1

17
0.0€8
0.013

<O.Q01
0.74
1.9

100
13
6.7

508
2.6

252
17C
215

0
0

31
0.6
0.1

68
24.0
1.5

84
12.0
<0.01
2.02
0.1

14

0.050
0.025

<0.001
0.77
3.3

96

-

7.5(1)
-
-
-

162(1)
198(1)

0
0
1.5(1)
-
-
-
-
-
-
-
-
-
-

0.41

0.054
-
-
~

95
-
7 .4 (1 ]

-

•̂̂
1291(1)

157(1)
0
0

<1.0(1)
-
-
-
-
-
-
-
-
-
-

w
Nrtd91
-
-
"

(1) Parameter wvilyvri by Owwt Laboratory! all ocbtr pcratfvun analyMd by mrt«l Laboratory Mrvicw, Inc. (of Baltinon, Maryland J
tnl*ss oUwrwis* opteifiod.

• Analytical result* npoctad to on* significant fiour* due to hioh background Interference*.

0 Below detection
All analytical mthoda are eitner fn» Standard Methods for the Exariration of Water and KastMter, or U.S. bnviromental
Pretoction Agency netnods of CioRical Analysis «rf w*e«r and waste*.
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APPENDIX D-2: Sample Set 2
*

Results of Laboratory Analyses of February, 1984
Groundwater Samples from MW-Series Monitor Wells

samples collected 02/01/84 to 02/04/84; all values
expressed in mg/1 unless otherwise specified)

Sarole Location

Trananittance (*)(!)
Field Temperature ( *C)
pK (ltd. units)
Conductivity (uBho*/«) (1)
Total Organic Carton
Total Dissolved Solids
Total Alkalinity [CaCDjJ

Bicarbonate (HCO,)
Carbonate (COj)
Hydroxide (OH)

Chloride
Fluoride
Nitrate Nitrogen
Sulfate
Sodiw
Potass u»
Calciw
Kaenesita
Iron
Manganese
Aluminum
Silica (Si02)
Total Cyanide (1)
Free Cyanide ( 1 >
fcwonia (I)
Na/Gl Ratio
%Char9» Imbalance

•wi

" „
14

6.1
270

0.7
226
53
64

0
0

38
0.1
0.1

31
14.9
1.2

32.8
3.6
0.01
0.54
0.1

24
0.04

-
0
0.39
3.0

W-2

0

11

10.3
7752
1600
6890
4140
1220
1880

0
1200
420

2.8
32»

2290
3.4

20.7
2.2

58
2.46
S.O

100
48.0

-
0

1.91

18.1

(W-3

98

16
6.2

725
2.0

514
189
230

0
0

32
0.3
0.1

169
41.5
1.7

103
15.4
0.83
3.55
0.1

J9
0.16

-
0
1.30
0.2

W-4

99
13
6.9

625 '
4.7

426
263
321

0
0

34
1.5
2.4

69
39.2
3.1

75
14.4
O.01
4.09
O.t

11
<0.01

-
0
1.15
7.1

W-5

1
12
9.6

3636
230

3030
1410
1010
348

0

750
120

0.8
565

1030
4.7
9.9
3.6

18.0
1.39
9.5

63
14.5

-
0
1.37

19.2

W-7

98

31
5.9

581
1.4

398
S3

0
0

125
0.1

<0.1
55
49.2
2.2

44.2
11.3
9.0
4.72
0.1

42
<0.01
-

0
0.39
5.7

»M

91
13
9.5

820
4.5

628
316
234
74
0

37
18
<0.1

' 80
199

1.2
2.1
1.1
0.23
0.04
0.5

12
0.14
-

0
5.38

5.8

m-9

99
15
7.7

645
1.7

483
259

0
0

25
6.6
1.3

80
106

2.0
51
5.7
0.10
0.02
0.2

15
0.22
-

0
4.24

1.5

W-10 t

99
23
7.6

820
3.4

593
224

273
0
0

47
S.S
3.3

183
106

3.2
78
7.6
0.30
0.2*
0.2

20
0.79

- ,
3.4
2.2*
3.7

W-11

58
12
9.6

H2
17

778
387

323
73
0

45
27
<0.1

101
Z32

4.1
3.3
2.9
7.9
0.37

20
44

0.25
-

0
5. IS
8.4

ft} Paramt*r analysed by On*t Laboraeocyj all ottwr pamwtan analywd by nartal Laboratory S*tvicw, Inc. lot Baltunon, Maryland)
wl«s* othMwis* specified.

- Not vialyMd
0 Bvlow dMMtion

All analytical »MhedB an oithtr £co» Standacd ntthodB tec tft* Cxaninatien of water and NaKawtav, or CJ. Cnvinsmwntal
Protection Aomy rwtnods of Chwieal Analysis of WaMr and Ka«CM. Analysis for silica* TOC. and ali*im*i ptrforiMd on HaOH-

MRplas haw* bton enittad baeaua* of analytical inaccuracy.
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APPENDIX D-2: Sample Set 2 (Cont.)

Results of Laboratory Analyses of February, 1904
Groundwater Samples from MW-Series Monitor Wells

Samples collected 02/01/84 to 02/04/84; all values
expressed in mg/1 unless otherwise specified)

1

j

S*-ol* vocation

Trareuitanc* (t)(1)
Titld 7«rp*ratur« (*C)
^ lisd. units)
Conductivity (urnok/cnt (1)
Trial organic Carbon
Tstai Dissolved Solids -
Txai Alkalinity (CaCCy

SiearScnat* (HCCy
Cirtenat* (COj)
fr/jruid« (CM)

Cilcric*
flMrii*
Nitratt Kitregm
Sul*a:t
Sedivja
?=t*»»rja
Calsi-js
ItvcnMiiA

Iran
ttaa?ar.«**
Al'jsiraa
Silica !SiO;)
7=tal Cyanide (1)
rrt* Cyanic* ( 1 J
*rwia (D
sa/CI »atio
*Ciar;t Imbalance

fw-12 I

99
14

7.5
476

1.4
305
141

172
0
0

29
2.0
0.6

as
23.8
2.5

64

11.6
0.02
0.71
0.2

14
0.02
-

3.7
0.82
1.8

W-13

99
16

7.S
524

1.8

3S2
137.
(67

0
0

38
1.9
0.4

113
31.2
2.4

41

11.1
0.14

2.25
0.2

13
0.34
-

2.9
0.82
1.7

fW-14

99
14

8.1

500
1.7

327
152
185

0
0

31
3.1
1.2

94
52
2.5

54
8.8
0.06
0.16
0.2

13
0.15
-

2.4
1.68

2.5

MW-15

99

13
6.9

550
1.4

382
188
229

0
0

34

0.1

2.7
80
29.4

1.3
94
5.1
0.13

<0.01
0.2

16
0.51
-

0

0.86
0.2

MW-tfi

2
12
9.7

2049

190
IBM
1010

732
244

0
367
98

5.5
1C1
570

3.9
22.1
6.1

13.9
1.41
4.7

58
5.5

-
0

1.SS
19.1

MW-17

99
13
7.6

581
1.6

371
228
278

0
0

29
4.4
O.S

69
52
1.7

4f

11.1
0.39
1.77
0.2

12
1.03
-

3V8
1.79
2.9

»»-IB

32
12
9.8

9615
170

7440
5570
2670

2028
0

400 .
350

0.3
665

2750
13.0
8.2
4.7

61
0.50

15
110
52.0
-

0
6.88

12.4

Mf-19

99
11
7.1

575
1.2

369
243
296

0
0

29

0.5
0.1

67
20.2
6.9

97

10.5
0.05
0.26
0.2

13
0.04
-

0.2
0.70
2.5

M*-20

99
13
6.6

501
2.1

335
166
203

0
0

33
0.5

<0.1
75
22.9
1.7

76
12.1
0.04
1.99
0.2

14
0.04
-

1.8
0.69
0.2

TO-3 TH-1S

.

-

7.4(1) 7.5(1!

SS6 476

-

-

171(1) 176{1)

-

-

. W

36(1) 43(1)

3.4M> 1.0(1)
-
-
-
-
-
-
-
-
-

0.16 <0.01
-

0 0
-

\-S

I>1 Ptramtcr analyzed by Ocne laboratory; all othtr paramcwn analynd by Karttl Laboratory S«rvie*B. Xnc* (of BaUioor*, Maryland)
unloss o&Mrwii* apicificd.

- r«: analynd
0 Belew depiction
:«t«: All analytical •lUiorti an •itfwr (tat Standard ntttadt for the Cxaainatlon of.Kaur and waatawaur, or U.S. environmental

?rct*ction Agmey HKhoda at Choaical Anatyaia of Xattr and wan**. *ialy*i* Cor »Uica, TOC, and aluunai p*r£om«d on NaCH-
;rat<v*d sa*f>lM haw DMA cnitt«d b*cauM of analytical inaccuracy.
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Geraghty <£; Mil ler , Inc

APPENDIX D-3

RESULTS OF LABORATORY ANALYSES OF 1972 GROUNDWATER SAMPLES
FRCW TH-SERIES >DNITOR WELLS

j

February 1972
Test
Hole

TH-0

TH-1

TH-3

TH-4

TH-5

PW 8"

TH-6

TH-7

TH-8

TH-9

TH-10

TH-11

TH-1 2

TH-1 3

TH-14A

TH-1 5

TH-16

TH-17

TH-1 9

PH

7.9

7.9

10.1

7.0

10.5

10.2

11.1

9.8

10.4

9.9

7.9

7.1

6.9

7.1

-

-

-

-

—

Fluor,
ppn.

1.6

1.0

468

9

980

550

950

250

770

430

10

6

0.82

"0.74

-

-

-

-

-

%
Trans.

92

98

0

74

0

0

58

0

0

0

98

0

57

98

-

-

-

-

—

Temp.oF
55

57

57

54

59

57

51

-

54

54

-

58

58

55

-

-

-

-

—

PH

8.0

7.9

10.2

7.1

10.4

10.7

9.8

-

10.3

9.3

7.9

7.7

6.9

6.7

10.5

8.1

8.2

7.4

8.0

Fluor,
ppn.

1.0

1.3

325

15

340

585

100

-

520

133

7

a
0.25

0.15

1260

1.0

1.0

0.16

1.3

July 1972
%

Trans.

96

77

0

29

0

74

17

-

0

2

2

60

80

73

0

87

98

93

96

Cl.
ppn

62

29

443

132

2792

4100

1817

-

647

355

-

142

19

79

122

21

27

39

29

Temp.
Op

58

56

59

59

59

59

68

-

57

58

59

57

60

56

69

63

59

58

56

- Not sampled Adapted fron Fred Klaer and Associates,
September 27, 1972
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& Mil ler , Inc.

A P P E N D I X D-4

AVERAGED 1982-1983 WATER-QUALITY DATA FOR THE
NEW INTERCEPTOR WELL

i
i
3
3
1
1
3

3

DATE

March 82

April 82

May 82

June 82

July 82

August 82

September 82

October 82

November 82

December 82

January 83.

February 83.

March 83

April 83

May 83

June 83

July 83

August 83

Average
pH

(std. units)

8.7

• 9.0

9.0

9.0

9.0

9.0

8.8

9.0

8.9

8.9

8.8

8.8

8.8

8.7

8.8

8.8

8.8

8.7

New

Average
Fluoride
(ppm)

84

77

68

76

72

81

82

82

86

58

89

68

73

65

69

72

71

81

Interceptor Well
Average Average
Trans- Total

mittance Cyanide
(percent) (ppm)

65 5.1

69 5.5

76 6.7

76 " 6.0

74 5.9

70

69

71

71

74

66

66

' 71

78

70

65

66

65

,
Average

Free
Cyanide
(ppm)

<0.15

0.14

0.1̂

0.01

0.12

-

-

-

_

-

-

- w
-

-

-

-

-

-

- Not analyzed

Note: All analyses performed by Ormet Corporation laboratory
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GcMghcy & Miller , Inc.

APPENDIX U - 4 ( C O f l T ' D )

AVERAGED 1982-1983 WATER-QUALITY DATA FOR THE
OLD INTERCEPTOR WELL

DATE

March 82

April 82

May 82

June 82

July 82

August 82

September 82

October 82

November 82

December 82

January 83

February 83

March 83

April 83

May 83

June 83

July 83

August 83

Average
PH

(std. units)
*

9.2

9.0

9.0

8.9

9.1

8.9

9.1

9.2.

9.1

9.2

9.1

9.1

9.1

9.1

9.0

8.9

9.0

Old

Average
Fluoride
( ppm )

*

161

75

76

75

87

84

79

76

57

64

45

60

60

60

51

60

64

Interceptor Well
Average Average Average
Trans- Total Free

ir.it tance Cyanide Cyanide
f percent ) f oom ) ( opm )

* * *

9 26.3 0.15

56 9.2 0.13

51 6.7 0.02

31 5.2 0.20

22 - ,

23 -

26 -

29

31 -

34 -

39 -

36

39 -

44 -

44 -

45 -

47 _

i

* Ho sample collected; well not pumped from 2/15/82 to 4/5/82

- Not analyzed

Note: All analyses performed by Ormet Corporation laboratory
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J
] & Miller , Inc.

A P P E N D I X D - 4 ( C O N T ' D )

AVERAGED 1982-1983 WATER-QUALITY DATA FOR THE
ORMET RANNEY WELL

i

DATE

March 82

April 82

May 82

June 82

July 82

August 82

September 82

October 82

November 82

December 82

January 83

February 83

March 83

April 83

May 83

June 83

July 83

August 83

Average
PH

(std. units)

8.6

8.7

8.5

8.5

8.3

8.6

7.6

7.6

7.5

7.5

7.5

7.5

7.5

7.5

7.7

7.4

7.4

7.3

Ranney Well
Average

Average Trans-
Fluoride mittance
(ppm) (percent)

25

16

13

15

15

14

6.0

2.6

2.6

1.9

2.5

2.1

2.9

2.3

2.2

1.6

1.9

3.4

71

80

82

81

77

79

91

98

97

98

98

97

99

99

99

99

99

97

Average Average
Total Free

Cyanide Cyanide
( ppm ) ( Dom )

4.8 <0.10

2.3 0.05

2.4 0-1^,

2.5 0.01

2.8 0.04

- -

-

-

-

-

-

- ̂

-

-

-

- -

-

-

- Not analyzed

Note: All analyses performed by Ormet Corporation laboratory
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Gcraghcy & Miller, Incj

i
i

APPENDIX E

J Bedrock Elevation Data,
Ormet Corporation,

« . Hannibal, Ohio

i
J

I
1
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Appendix E

Approximate Depths to and Elevations of Bedrock
Beneath the Or met Plant Site

Location

mil-3
OTI1-8
Kill-9
lll-l
111-3
111-4
111-5
111-6
111-7
HI-8
m-9
m- 10
TO- U
m- 12
HI- 13
1H-14
ltl-14A
HI- 15
TO- 16
111-17
Ill-IB
HI- 19
8-inch

Ground
Elevation

(ft above HSLI

630
630
630
663
666
650
652
646
657
649
646 '
658
658
635
628
652
652
663
663
662
661
661
662

Approximate Approximate
Depth to Bedrock
Bedrock Elevation

(ft) (ft above HSU

72
68
63

>99
>103

>uu
>85
>62
>73
>72
>79

55
56

>71
>6S
55
69

102
102
93
83

>101
>93

558
562
567

<564

<5*3
<562
<567
<584
<5U4
<577
<567
603
602

<564
<563

603
583
561
561
569
578

<560
<569

Location

W-1
nt-2
HH-3
w-4
tt*-5
n+-G
W-7
Htf-8

. m-9
MW-IO
H+-11
MJ-12
H4-13
W-14
MM 5
1*1-16
H*-I7
MM a
HV-19

Mf-20 '

Approximate
Ground
Elevation

(ft above MSL)

666.3
666.0
643.1
659.3
6GG.2
664. U
6GG.2
666.6
665.2
665.6 -
665.7
635.0
659.3
651.9
655.4
660.9
653.8
658.8
660.4
630.8

,

Approximate
Depth to
Bedrock

(ft)
i

67
86
76
93
95
51
77
9U

101
100
96
67
88
66
55
84
77
59
64
65

On

OQtr

fc>

S

Approximate _
bedrock D
Elevation P

(ft abovo fiSL)

599
500

567
S6G
571
6H
^tl'J
5l>9

5G4

566

570
5b8
57t
566
600
577
577
600
596

566

Notei Depths to and elevations of bedrock reference relatively well-Indurated basement rock; several feet of weathered rock
(saprolite) may be present above this basement.



APPENDIX F

Geraghty & Miller, Inc.

1
i
I

Certificates of Laboratory Analyses
by Martel Laboratory Services, inc.

' >

F-l Certificates of Analyses of
December 1983 Groundwater
Samples

F-2 Certificates of Analyses of
February
Samples

1 February 1984 Groundwater

1
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Appendix F-l

Certificate of Laboratory Analysis

Laboratory Sen/ices, Inc. 1025 Cromwell Bridge Road Baltimore, Maryland 21204 "" (301) 825-77^

i

11903 Page.invoice \'umfcer

Sar-.p'e
W-4737 19 Groundwater samples picked up by tlartel Laboratory

Services on January 3, 1964. Second revised report (include*
£luoride results.)

.of.

Geraghty & Killer, Inc.
844 West Street
Annapolis, Maryland 214O1
Attn: Mr. Cleason Smith February 28, 1964

Sample MW-1

pH 6.4
Total Organic Carbon 1.4
Total Dissolved Solids 226
Total Alkalinity (CaCOs) 59
Bicarbonate* <HC03> 72
Carbonates CC03) O
Hydroxides <OH) 0

Chloride 37
Nitrats Nitrogen 0.1
Sulsate 19
Sodium 14.2
Potassium 1.3
Calcium 33.3
Magnesium 6.8
Iron O.04
Manganese O.65
Aluminum <0.1
Silica <Si02> 25
Fluoride O.I

MW-1
NF

WW-2 KW-2
NF

nw-3

----
13

----
-----
----

14. 0
9.1
31.4
11.9
68.8
4.67
53
95

10.3
800
756O .
398O
144O
168O
O
500*
1.6
263
1950
4.3
20.6
2.0
55.2
1.98
6.6
190.
4OO

———
82O

«--

--»

220O
47.5
37.8
18.6
178
9.88
ISO
92

6.5
2.9
613
357
436
O
0
31
0.1
166
39.2
1.2
144
15.2
0.92
5.06
0.1
22
0.1

x-x

i ,,_.,American Society forTes:ina and f/a:e*ia's
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v - '-r* i Appendix F-l (cont.
•--\ J .JSB^CT

1——

1

I

j
1

i
*
'

-i
*

1

^

j

SanplQ

PK
Total Organic Carbon
Total Dissolved Solids
Total Alkalinity (CaCOs)

Bi carbonates (HC03>
Carbonate*- (CQa)
Hydroxidea COM)

Chloride
Nitrate Nitrogen
Sulfate
Sodium
Potassium
Calcium
Magnesium
Iron
Manganese
Aluminum
Silica CS102)
Fluoride

Sample

PH
Total Organic Carbon
Total Dissolved Solid*
Total Alkalinity (CaCOs)
Bicarbonate* (HC03>
Carbonate* (C03)
Hydroxide* <OH)

Chloride
Nitrate Nitrogen
Sulfate
Sodium
Potassium
Calcium
Magnesium
Iron
Manganese
Aluminum
Silica CS102)
Fluoride

flW-4

7.1
3.9
411
249
304
0
0
32
2.2
60
41.5
3.2
88
14.9
0.06
4.76
<0.1
12
1.6

HW-8
NF

____
53

———

....
- ——
....
....
....
214
6.3
4.6
1.9
5.54
0.19
8.7
4O
....

P1W-5

9.7
260
3040
1340
952
336
0
500*
17
<57
880
4.5
10.4
2.1
17.5
1.61
4.1
55
130

MW-9

7.7
36
487
250
305
0
0
30
1.6
91
111
2.3
60
6.0
0.12
<0.01
<0.1
17
6.8

nw-5
NF

- - — —
800
----
-_--
....
----
----
_-_-
———
----
920
9.2
11.5
3.8
28.2
2.33
21
62
__._

HW-1O

7.7
5.1
854
246
300
0
O
75
6.5
288
195
8.O
95
8.7
0.60
0.26
0.1
25
6.9

flW-7

6.3
2.3
466
84
1OO
0
0
126
<0.1
57
49.0
2.7
61
13.1
1.01
7.88
'<0.1
40
0.1

nw-ii

9.6
23
80S
368
285
80
O
33
2.8
77
238
1.6
2.9
0.3
0.48
0.06
0.8
13
33

PIU-8

9.3
9.4
625
305
226
72
0
27
2.2
95
202
1.4
3.5
0.6
0.20
O.O1
0.5
15
18

MW-11
NF

_»•.
24

167
204
0
O

....

....
256
9.8
3.4
2.2
11.6
0.46
26
45
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J J^- Appendix F-l (cont

Sample MW-12 MW-13 nw-14 WW-15 MW-1&

pH
Total Organic Carbon
Total Dissolved Solids
Total Alkalinity
Biearbonata*
Carbonate*
Hydroxid** <QH)

Chloride
Nitrat* Nitrogan
Sulfate
Sodium
Potassium
Calcium
Kagn**ium
Iron
Kangonaaa
Aluminum
Silica CSi02)
Fluorid*

7.5
2.5
319
167
204
0
0
27
1.1
55
24.3
2.6
74
11.8
<0.01
0.94
<0.1
14
2.1

7.2
2.8
381
255
311
0
'O
39
4.4
99
26.1
3.2
76
12.5
<O.O1
5.1O
<O.l
13
1.2

8.O
2.5
319
168
205
0
0
28
0.4
68
40.7
2.6
59
9.9
0.30
0.23
<0.1
14
3.0

6.9
4.5
393
191
233
O
O
34
2.6
68
28.8
1.2
112

•5.3
O.14
O.O3
<0.1
16
0.1

9 0. O
220
2130
1020
512
360
O
6OO*
8 e> 9
130
530
3.0
14.6
4 A. *m
12.4
0.91
2,4
53
110

j

Scmpl«

pH
Total Organic Carbon
Total Diasolva-d Solid*
Total Alkalinity <CaCOs>
Blcarbonataa
Carbonate* (C0a>
Kydroxidaa <OH)

Chlorida
Nitrata Nitrogan
Sulfata*
Sodium
Potaaaium
Calcium
Magnaaium
Iron
Kanganaa*
Aluminum
Silica <Si02>
Fluorid*

MW-16
NF

MW-17 MW-18 WW-18
NF

MW-19

----
280
— — — —
— — — —
_..__
____ V.

....
— ...
....
....
550
16.5
25.4
12.9
66.7
2.83
78
31O
....

7.9
2.3
4O3 '
277
376
0
O
29
2.4
71
78
1.8
SS
9.3
O.44
1.38
0.1
14
5.6

9.9
320
864O
6390
245O
2630
O
700*
0.6
605
3150
12.8
13.6
4.1
58.7
0.26
4.8
230
460

• «•_

320
----
--..

---.
....
. —— ._
--__
— -_ —
318O
37.0
12.2
11.4
105
1.52
95
230
....

7.2
2.3
397
255
311
O
O
31
0.1
57
22.9
6.4
109
10.5
<0.01
0.54
0.1
17
0.3
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}
Sample «W-20

pH 6.7
Total Organic Carbon 2.6
Total Dissolved Solids 252
Total Alkalinity (CaCOs) 176
Blcarbonates (HCOa) 215
Carbonatca <C03> 0
Hydroxides (OH) ' 0

Chloride 31
Nitrate Nitrogen 0.1
Sulfate 68
Sodium 24.0
Potassium 1.5

J Calcium 84
Magnesium 12.0

. Iron <0.01
j Manganese 2.02
* Aluminum - 0.1

Silica <Si02> 14
| Fluoride 0.6

NF designates analysis on non-fixed samples if primary analysis
1 la performed on fixed santplaa.

* designates analytical results reported to one significant
, figure due to the high background interferences present.

All results or* reported as nig/liter.

. G. Ed(w^rdar Ph. D.
ice Preaidant

\
V
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Mattel Laboratory Services, Inc. 1C25 Cromwell Bridge Road Baltimore, Maryland 21204 - (301) 825-77

;nvo:cs Number

Si-p'e
12281 Page. of. page'

W-5112 19 Groundwater samples picked up by Martel Laboratory
Sarvicaa on Febraury 6, 1984.

Geraghty & tliller^ Inc.
644 West Street
Annapolis, Maryland 21401
Attn; fir. Cleaeon Smith February 28, 1934

Preser-
vative*• ̂  •» ̂  w ̂  * MW-2 WW-3 HW-4

pH
Total Organic Carbon
Total Organic Carbon
Total Dissolved Solids
Total Alkalinity <CaC03>
Bicarbonate* CHCOa)
Carbonates CC03)
Hydroxide* (OH)

Chloride
Nitrate Nitrogen
Sulfste
Sodium
Potassium
Calcium
Magnesium
Iron
Manganese
Aluminum
Aluminum
Silics
Silica
Fluoride

neat
H2S04
NaOH
neat
nest

neat
neat
neat
HN03
HW03
KN03
HN03
HNO3
HNO3
HN03
NaOH
KN03
NaOH
neat

6.1
0.7
1.1

226
33
64
0
0
38
0.1
31
14.9
1.2
32. 3
3.6
0.01
0.34
0.1
0.1
24
19
0.1

10.3
1600
320
6690
4X4O
1220
IflBO
0

1200
2.8

329
2290

3.4
20.7
2.2
38
2.46
6.0
2.3

1OO
33
420

6.2
2.0
1.7

514
189
230
0
0
32
0.1

169
41.3
1.7

103
13.4
O.83
3.33
0.1
0.1
19
12
0.3

6.9
4.7
4.7

426
263
321
O
0
34
2.4
69
39.2
3.1
75
14.4
<0.01
4.09
0.1
O.I
11
8
1.3

* '*—-£«r: Ane'fcan Society for Testing and Materials
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i
i
1
1
1
/
i

i
'
I
1
i

j

ĵ '-rt j ̂ ;L

Analysis

pH
Total Organic Carbon
Total Organic Carbon
Total Dissolved Solids
Total Alkalinity (CaCOs)

Bi carbonates (HC03>
Carbonates (C03>
Hydroxides (OH)

Chloride
Nitrate Nitrogen
Sulfste
Sodium
Potassium
Calcium
Magnesium
Iron
Manganese
Aluminum
Aluminum
Silica
Silica
Fluoride

Ana^^SiS

PH
Total Organic Carbon
Total Organic Carbon
Total Dissolved Solids
Total Alkalinity (CeCOs)

Bi carbonates (HCO3>
Carbonates tC03>
Hydroxides (OH)

Chloride
Nitrate Nitrogen
Sulfate
Sodium
Potassium
Calcium
Magnesium
Iron
Manganese
Aluminum
Aluminum
Silica
Silica
Fluoride

Appendix F-2 (cont.)

Proser-
VQC i ve

neat
K2S04
NaOH
neat
neat

neat
neat
neat
HN03
HN03
HN03
HH03
HN03
HN03 —
HN03
NsOH
HN03
NaOH
neat

Preser-
-2Si2a_
neat
K2S04
NaOH
neat
neat

nest
neat
nest
HN03
HNO3
HN03
HN03
HN03
HNO3
HN03
NaOH
HN03
NaOH
neat

MW-5

9.6
2300
1800
3030
1410
1010
348
0

750
q.8

565
1030

4.7
9.9
3.6

18.0
—— 1.39

9.5
6.8
63
32
120

2tfrl°
7.6
3.4
3.6

593
224
273
0
0
47
3.3

183
106
3.2

78
7.6
0.30
0.26
0.2

<0.1
20
16
5.5

ttW-7

5.9
1.4
1.4

398
65
79
0
0

125
<O. 1
55
49.2
2.2
44.2
U.3
9.0
4.72
0.1

<O.l
42
38
0.1

sy^ii
9.6
17
16
778
387
323
73
O
45
<0.1

101
232
4.1
3.3
2.9
7.9
0.37
20
3.O
44
37
27

MW-8

9.5
4.5
6.4

628
316
234
74
0

37
<0.1
80
199
1.2
2.1
1.1
0.23
0.04
0.5
0.5
12
12
18

MW-i2

7.5
1.4
0.9

305
141
172
0
O
29
0.6
85
23.8
2.5
66
11.6
O.O2
0.71
0.2
0.1
14
12
2.0

-

KU-9

7.7
1.7
2.1

* 483
259
316
0
0
25
1.3
80
1O6
2.0
51
5.7
0.10
0.02
0.2
0.1
15
17
6.6

MW-i3

7.5
1.8
1.4

352
137
167
0
0
38
0.4

113
31.2
2.4
68

- 11.1
0.14
2.25
0.2
0.1
13

. 10
1.9

1 4 4
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1
Preser-

Analysis

PH
Total Organic Carbon
Total Organic Carbon
Total Dissolved Solids
Total Alkalinity <CaC03>

Blcarbonatea (HCOa)
Carbonates CCOs>
Hydroxides (OH)

Chloride
Nitrate Nitrogen
Sulfate
Sodium
Potassium
Calcium
Magnesium
Iron
Manganese
Aluminum
Aluminum
Silica
Silica
Fluoride

nw-15

naat
H2S04
NaOH
neat
neat

neat
neat
neat
HN03
HN03
HN03
HN03 ——
HN03
HN03
HN03
NaOH
HN03
NaOH
neat

8.1
1.7
1.3

327
152
185
O
0

3fl
1.2
94
52
2.3
54

—— 8.8
0.06
0.16
0.2
<0.1
13 '
13
3.1

6.9
1.4
1.1

382
188
229
O
O
34
2.7
80
29,4
-1.3
94
5.1
0.13
<0.01
0.2
0.1
16
13
0.1

9.7
190
170
188O
1010
732
246
O

367
5.5

161
570
3.9
22.1
6.8

13." 9
1.41
6.7
6.O
38
49
98

7.6
1.6
1.3

371
228
278
0
0
29
0.5
69
52
1.7
69
11. r
O.39
1.77
0.2
<0.1
12
11
4.4

SM/

Preser-

j

Analysis

pH
Total Organic Carbon
Total Organic Carbon
Total Dissolved Solids
Total Alkalinity (CaCOs)

Blcarbonates (HC03>
Carbonates (C03)
Hydroxides (OH)

Chloride
Nitrate Nitrogen
Sulfste
Sodium
Potassium
Calcium
Magnesium
Iron
Manganese
Aluminum
Aluminum
Silica
Silica
Fluoride

jiw-20

neat
H2504
NaOH
neat
neat

neat.
neat
nest
HN03
HN03
HN03
HN03
HN03
HN03
HN03
NaOH
HN03
NaOH
neat

9.8
170
20O
744O
5570
2670
2028
0
8O
0.3

665
2750
13.0
8.2
4.7
61
0.50
13
6.6

no
30
350

7.1
1.2
0.6

.369
243
296
O
O
29
0.1
67
20. 2
6.9
97
10.5 •
0.05
0.26
0.2
<O.l
13
12
0.3

6.6
2.1
1.9

335
166
203
0
O
33
<0.1
73
22.9
1.7
76
12.1"
0.04
1.99
0.2
<0.1
14'
11
0.3
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All results reported as mg/litar on sample* as received.

Preservatives are indicated. Carbonates, Bicarbonate*, and
Hydroxides are calculated from the two step alkalinity titration.
All procedures -are either from Standard Methods for the
Examination of Water and Wastewater. 15th edition, or U.S.
Environmental Protection Agency Methods of Chemical Analysis of
Water and Wastes, 1979.

R. G. Edwards, Ph. 0.
Vice President
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CYANIDE AMENABLE TO CHLORINATION

ANALYTICAL RESULTS FROM MOST RECENT SAMPLING EVENTS
FROM MONITORING WELLS INSTALLED FOR THE PURPOSE OF MEASURING

POTENTIAL IMPACTS FROM THE FDPS

Cyanide Amenable to
Date Sampled Monitoring Well Chlorination (my/D

2/23/90 MW-14 0.0676

2/22/90 MW-17 < 0.005

6/30/88 MW-33S <0.01

6/30/88 MW-33D <0.01

2/23/90 MW-34S 0.026

2/23/90 MW-34S Dup. 0.0416

7/5/88 MW-34D <0.01

6/28/88 MW-39S 0.10

6/28/88 MW-39D 0.03

6/27/88 MW-40S <0.01

6/27/88 MW-40D <0.01

2/23/90 MW-42S 0.079

6/29/88 MW-42D <0.01

6/29/88 MW-42D Dup. <0.01



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 5

77 WEST JACKSON BOULEVARD
CHICAGO. IL 60604-3590

3EPLV TO THE ATTENTION OF

OCTi:
Mr. John D. Reggi
Ormet corporation
P.O. Box 176
Hannibal, Ohio 43931

Dear Mr. Reggi:

U.S. EPA has completed its review of Ormet*s draft FS Report
which U.S.EPA received on April 27, 1993. While U.S. EPA
disagrees with many of Onnet's characterizations of facts, U.S.
EPA is no longer requiring modification of such, except as
provided in the attached addendum.

ormet has been given the opportunity to make the necessary
changes to the Feasibility Study (FS) Report in the past, but has
failed to satisfactorily perform this task. Many of the comments
that were provided to Ormet in a letter dated October 3/ 1991,
disapproving a draft FS/ had to be repeated in another letter
dated January 3, 1993/ disapproving a subsequent/ revised draft
FS. In that letter, the Agencies (the U.S. EPA and the OhioEPA)
specified that "[w]hile the Agencies want to reemphasize their
previous offer to help Ormet submit an acceptable document, U.S.
EPA and OEPA reserve their rights to complete the RI/FS under the
terms of the Order if the next submittal is not a Final FS
Report, A Final FS Report must incorporate all of the enclosed
comments, including the Appendix, f 77fnm«nta sent to you bv our
December 11. 1992 letter." (Emphasis in original) A Final/
approvable FS Report was not submitted by Ormet. Again, ormet
failed to satisfactorily incorporate the Agencies* comments. The
constant refusal to do so by Ormet has caused significant delay
in the cleanup of this site.

Consequently/ U.S. EPA has explicitly set forth the necessary
modifications to the April 1993 FS Report in the attached
addendum. Should Ormet accept these modifications, Ormet can
simply submit a clean copy of the April 1993 FS Report with this
addendum attached to it aa an introductory section/ and U.S. EPA
will deem the FS a final document. Should ormet reject these
modifications, however, the FS will be deemed disapproved as of
the date upon which the revised document is due under the
Administrative order by Consent (CO), or aa soon as ormet
notifies U.S. EPA of its rejection of the proposed modifications/
whichever occurs first. U.S. EPA will then proceed to complete
an FS Report/ as was anticipated under Section XXIV of the CO.

PnntKl on Rfcycita Paptr



This is the last opportunity for Orraet to submit an approvable.
Final FS Report. U.s.EPA hopes that Ormet will accept these
modifications and submit a Final FS/ comprised of the enclosed
addendum supplementing a clean copy of the April 1993 FS Report.

No extension to the deadline upon which a Final FS Report is due,
as set forth in Section X of the CO, will be granted by the
Agencies because all of the necessary modifications have already
been made for Ormet. All that is necessary for Ormet to do is to
remove the red-lined format and delete the strike-out provisions
of the FS. The CO provides plenty of time for Ormet to complete
such minor tasks.

U.S. EPA is looking forward to your response and is quite
optimistic that you will find the attached modifications
acceptable.

Sincerely/

Rhonda E. McBride
Remedial Project Manager
U.S. EPA

CC: Rick Wiedman, Eckert, Seamans & Mellot Attorneys at Law
Gene Bollo, Ormet Corporation
Emit Boyle, Ormet Corporation



ORMET CORPORATION
P.O. BOX 176

HANNIBAL, OHIO 43931
(614) 483-1381 Fax: (614) 483-2622

December 1, 1993

Ms. Rhonda E. McBride
Ormet Corporation RPM
Hazardous Waste Enforcement Branch (5HS-11)
Waste Management Division
U.S. Environmental Protection Agency
Region V
230 S. Dearborn Street
Chicago, m. 60604

and

Ms. Kay Gilmore Gossett
Ormet Site Coordinator
Ohio Environmental Protection Agency, SEDO
2195 Front Street
Logan, Ohio 43138

RE: Ormet Corporation - Administrative Order
By Consent Re: Remedial Investigation And
Feasibility Study: U.S. EPA Docket No. V-W-87-C-013

Dear Ms. McBride and Ms. Gossett:

Enclosed is the Feasibility Study (NFSN) Report for the Ormet Corporation
("Ormet") Supertond Site (the "Site"). At your direction we are providing 10 copies of the
Report to the United States Environmental Protection Agency ("EPA") and 3 copies to the
Ohio Environmental Protection Agency ("Ohio EPA") (sometimes referred to collectively as
the "Agencies") and we have included EPA's Addendum (the "Addendum") at the front of
the Report.

The FS Report as originally drafted by Ormet met or exceeded the require-
ments of the Administrative Order on Consent between Ormet and the Agencies (the "CO").
That draft was submitted to the Agencies for review in strict accordance with an agreed to
expedited schedule in January, 1991. Since that submission, at the direction of the Agencies,
numerous revisions have been incorporated into the document. Most recently Ormet was

.A New Generation of Aluminum
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directed to include the above referenced Addendum. Ormet does not agree with the validity
or utility of many of the changes which have been forced into the document over the last
several years. However, subject to the express disclaimer included on the face sheet of the
Addendum, as discussed with you and agreed to at our meeting in Chicago on November 1,
1993, Ormet has completed the FS Report as directed. Ormet specifically reserves and does
not waive any rights including, but not limited to, the right to object to and comment upon
any aspect of the Proposed Plan which may refer to or rely upon the FS Report.

Based upon the Agencies' letters dated October 12, 1993 and our November 1,
1993 discussions in Chicago, Ormet is submitting the FS Report including the Addendum
with the understanding that the FS Report is complete and will be accepted by the Agencies
in satisfaction of the requirements of the CO. Upon acceptance, we will distribute signature
pages for execution on behalf of Ormet and the Agencies. Several of the changes as well as
some of the pejorative remarks contained in the Agencies* October 12, 1993 letters warrant a
written response and are addressed below.

General Comments

.Throughout the FS process, Ormet cooperated with the Agencies and diligently
prepared an FS Report which was technically and factually sound as originally submitted.
After addressing a voluminous and often inconsistent series of comments over the last three
years, the FS Report now consists of thousands of pages of text and appendices and contains
analyses of potential remedial measures for the conditions at the Site which far exceed the
level of detail found in many FS reports approved by the Agencies for other Superfund sites.
Ormet takes exception to the Agencies' mischaracterization of the FS Report as deficient and
takes particular exception to any implication that Ormet is in any way responsible for a delay
in the determination of remediation, if any, for this Site.

As noted above, Ormet agreed to an expedited schedule in January, 1991 as
an accommodation to the Agencies. Despite a revision process which can at best be
characterized as cumbersome, Ormet met its deadlines. The delays in the process, if any,
are rooted in the Agencies' failure to coordinate and review submissions on a timely basis,
the piecemeal approach imposed by the Agencies in the preparation of the FS Report and
completion of the RI Report and the inconsistent and disjointed comments to which Ormet
had to respond. Often Ormet was directed to remove language only to be criticized
thereafter for not addressing the very issue and to find almost identical language ultimately
included in the Addendum. Specific examples include the relocation of Outfall 004, the
failure to identify at any time (until November 10, 1993) the purported deficiency in cap
design under OAC 3745-27-11 and the inclusion of flfiffi ARARs as recently as October 12,
1993. In addition, the process has been delayed by the Mure of EPA's contractor to
properly and competently conduct the Baseline Risk Assessment ("BRA"), which had to be
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corrected twice at significant expense to Ormet. As the BRA ultimately confirmed, the
Ormet Site poses no current risk of practical significance. Ormet is an operating industrial
facility situated in a sparsely populated, heavily industrialized area. However, rather than
acknowledge this reality, the process has been further delayed by the Agencies* consistent
failure to address the Site in context which in some cases involved blatant manipulation and
preselection of inappropriate remedies contrary to CERCLA, the NCP and the approach
taken by the Agencies with respect to other sites. While Ormet certainly agrees that the
RI/FS process has been unnecessarily complicated, lengthy and costly, to suggest that Ormet
bears responsibility for any material delay in this process is counter productive and contra-
dicts the well documented history of the program administration of this Site. Indeed, it is
worth noting that after spending over $2.5 million on the RI/FS, the practical results are no
different than disclosed in the groundwater report Ormet submitted to Ohio EPA in 1984.
As the Agencies are aware, Ormet, with some difficulty, sought and obtained the concur-
rence of both Agencies to enable it to move forward with the groundwater treatment facility
which is currently under construction.

SecifV

Groundwater

The elimination of alternate concentration limits ("ACLs") from future
consideration based upon information currently available is inappropriate and technically
unsound because there is insufficient data available to determine whether it will be practica-
ble to attain MCLs in the groundwater. A technical evaluation of the potential for aquifer
restoration is contained in Appendix K and although the conclusion reached is that MCLs
may be achievable in the future, the feasibility of aquifer restoration, as recognized by EPA
in a number of published reports, is very difficult to predict. Section 121(d) of CERCLA, 42
U.S.C. §9621(d) and 40 C.F.R. § 300.430(e)(2)(i)(F), provide that the application of an
ACL should be considered at a time when there is enough information to determine whether
it is practicable to attain MCLs. As evidenced by the absence of a technical justification in
the Addendum, there is no basis for concluding at this time that MCLs can be practicably
attained in the aquifer beneath the Site and, therefore, it should be recognized that the
application of ACLs at some time in the future may be appropriate.

With regard to the discussion of the risk associated with groundwater, the text
of the FS Report as submitted by Ormet accurately paraphrases the BRA which concluded
that no existing populations are exposed to the groundwater at the Site. Since no existing
population is currently exposed to groundwater, there is no current risk. EPA's conclusion
that there is a current risk associated with groundwater because the BRA concluded that
hypothetical future residents could drill drinking water wells and thereby be exposed to
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contaminated groundwater, is a gross distortion of reality. The statement in the FS Report
that there is no current risk associated with groundwater is accurate.1

Flood Cotrol

The Addendum and Ohio EPA's letter erroneously indicate that the FS Report
is deficient because it does not contain a remedial measure which satisfies the requirements
of OAC 3745-54-18 which provides that containment measures associated with
waste landfills located in the 100 year floodplain should be constructed to prevent washout.2
In particular the failure to establish the presence of the natural levee along the entire face of
the CMSD and the failure to provide for the protection of the seep collection system from the
effects of 100 year flood conditions were inappropriately identified as deficiencies in the FS
Report.

The incorporation of the natural levee into remedial measures for the CMSD is
based upon data collected during the RI which appear to indicate that there is a natural levee
along the face of the CMSD. The full extent of this natural levee has not been evaluated at
this point because such an evaluation is beyond the scope of the RI/FS process. If a remedy
is selected for the CMSD which utilizes the natural levee, additional data will likely have to
be developed to evaluate precisely how the natural levee would be incorporated into the
containment measure. An engineering evaluation of this nature would be performed during
the remedial design phase.

Moreover, the presence of the natural levee is not critical to the technical
sufficiency of the containment measures conceptualized in the FS Report. Should it be
determined during the remedial design phase that the natural levee is not adequate for the

'The hypothetical scenario contravenes existing guidance and the realities of the Site, i.e..
Ormet is an operating industrial facility located in sparsely populated, but heavily industrial-
ized area. Even if this scenario were considered reasonable (and it is not), it cannot form the
basis for concluding that there is a current unacceptable risk associated with groundwater.

*The requirements of OAC 3745-54-18 are siting criteria which apply on a prospective basis
and do not apply retroactively to facilities such as Ormet's construction materials scrap dump
("CMSD") which was located in the floodplain prior to the promulgation of this regulation.
Since the jurisdictional prerequisites to the applicability of this regulation are not satisfied,
contrary to the statement in Ohio EPA's October 12, 1993 letter this requirement cannot be
and is not "applicable." Moreover, any administrative determination regarding applicability
would be improper since all ARARs must be identified solely as potential throughout the FS
process.



Ms. Rhonda McBride
Ms. Kay Gilmore Gossett
Page 5
December 1, 1993

intended purpose, the function to be served by the levee will be addressed through the use of
other engineering measures.

Similarly, the seep collection system discussed in the FS Report obviously has
not been designed at this point and the precise nature of the seep collection system is not
critical to the conceptual discussion of this remedial measure in the FS Report. There are a
variety of ways to design seep collection systems and if a remedy is selected which incorpo-
rates a seep collection system, protection of that system will be addressed during the
remedial design phase.

The Addendum also contends that the containment measures described for the
CMSD do not provide for adequate "freeboard, which may be necessary because of wave
action in the Ohio River . . . ." The evaluation of freeboard is also an issue properly suited
for consideration during the remedial design phase. Nonetheless, a review of the FS Report
clearly discloses that freeboard was addressed. Figure 5.9 shows that revetments would be
placed above the 100 year flood level and the amount of material needed for freeboard was
factored into the volume calculations for these materials contained in the FS Report. The
precise amount of freeboard which might be necessary would be evaluated during the
remedial design phase. Moreover, though not applicable, these measures are fully consistent
with OAC 3745-54-18 and the parallel federal provision from which it is derived.

Vegetative Soil Covers

The Addendum's discussion of routine maintenance preventing plants and
burrowing animals from penetrating the soil cover containment measure discussed in the FS
Report is redundant. This discussion and the comparison of the soil cover containment
measure to the solid waste closure standards contained in OAC 3745-27- 11(G) add nothing to
the technical sufficiency of the FS Report and provide no discernible benefit to the reader in
terms of clarity or ease of understanding.

Comarison of Ca

The Addendum's comparison of single barrier clay caps to single barrier caps
utilizing a synthetic membrane appears to be little more than a misleading manipulation of
the FS to improperly exclude from consideration single barrier caps utilizing a synthetic
membrane as the impermeable layer. The text of the FS Report provides a balanced
discussion of the pros and cons of single barrier caps utilizing synthetic membranes as
compared to clay for the impermeable layer.

In addition, the suggestion that the single barrier cap depicted in the FS Report
is deficient because it does not incorporate a 2' thick layer of common borrow to protect the
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impermeable layer from root penetration and freeze and thaw is inappropriate. OAC 3745-
27-1 1 does not require a 2' thick layer of common borrow. To the contrary, OAC 3745-27-
11(G) provides, in pertinent part, that:

A vegetative layer consisting of soil and vegetation, placed on
top of the granular drainage layer. The soil shall be of suffi-
cient thickness and fertility to support its vegetation and to
protect the soil barrier layer for damage due to root penetration
and frost.

The conceptual drawing included in the FS Report depicts a 15" thick vegetated soil layer
which meets or exceeds the performance criteria specified in OAC 3745-27- 11(G). The FS
Report is intended to provide in conceptual form the types of remedial measures which are
suitable for a given site. Moreover, it is worth noting that throughout the three years it has
taken to complete the FS Report it was not until the November 10, 1993 revision to the
Addendum that Ormet was informed for the first time that the thickness of the soil layer
formed the basis for the Agencies' comment.

In order to avoid controversy, the discussion of the long term reliability of the
various capping alternatives incorporated into sitewide remedial alternatives, i.e.. that both
single and dual barrier caps are considered to be reliable over the long term, was intentional-
ly drafted to mirror the discussion contained in an FS Report recently approved by the
Agencies for a site located in southeastern Ohio.

The discussion in the Addendum regarding the aquifer restoration analysis
contained in Appendix K to the FS Report is incorrect and misleading. The assumptions
presented in Appendix K are based on site-specific data and constitute realistic assumptions.
The estimate of the pumping rate of the hypothetical wells is based on a calculation of the
volume of groundwater flowing through the aquifer along the downgradient boundary of the
former spent potliner storage area (the "FSPSA") and accepted guidelines. Moreover,
regardless of the number of wells utilized to extract groundwater, the total pumping rate
required to capture the groundwater passing through that section of the aquifer will be no
different than the pumping rates utilized in the analysis contained in Appendix K.

Similarly, projected removal rates for the cyanide (which is predominantly an
iron-complexed non-toxic compound) and the level at which the cyanide concentrations in the
pumping wells would level off is based on actual data. Although wells placed closer to the
source area would be expected to extract groundwater containing higher concentrations of
contaminants, the total mass removal rate, which is the primary measure of the effectiveness
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of groundwater remediation would be the same under either the existing pumping scenario or
the hypothetical scenario discussed in Appendix K.

The specific modifications contained in the Addendum also are incorrect and
are addressed below:

1. The statement regarding the effect of containment mea-
sures at the FSPSA and the impact on aquifer restoration
time periods is redundant. The FS Report as drafted
states that treatment and/or capping of the FSPSA would
be expected to decrease the restoration time period by
some amount of time. If the statement in the Addendum
is intended to imply that the highest and best use of that
portion of the Ohio River Valley aquifer beneath the
Ormet plant site is anything other than industrial, it is a
gross mischaracterization. There is no reasonable po-
tential for any use other than industrial for this site
throughout the foreseeable future.

2. The location of extraction wells under GW-3 has already been deter-
mined as these wells are currently in place and operating efficiently.

3. It is estimated that groundwater alternatives GW-S and GW-3 would
result in restoration of the aquifer in 36 to 38 years, respectively. A
combination of GW-3 and GW-5 would not result in a shorter restora-
tion period. The statement that a combination of GW-3 and GW-5
would result in achievement of MCLs in a slightly shorter amount of
time is without scientific basis and at best is misleading since the
distinction between 36 and 38 years in this context is meaningless.

4. There is no basis for contradicting the statement contained in the FS
Report that a treatability study to determine whether NPDES permit
limits can be achieved could be completed more quickly than the three
years estimated by Ormet. The three year time estimation for the
treatability studies is based upon Ormet's extensive experience with the
treatability studies associated with the development and design of the
groundwater treatment system currently under construction.
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Appendix F

Institutional Controls

The statements in the Addendum and Ohio EPA's letter that institutional
controls have been utilized improperly in the FS Report are incorrect. At no time have
institutional controls been utilized as stand-alone measures in lieu of active remedial response
measures and statements in the Addendum and correspondence to the contrary are incorrect
and misleading. Each sitewide alternative developed in the FS Report, except the no action
alternative required by the NCP, includes active remediation and institutional controls.
Ormet is an operating industrial facility located in a rural but heavily industrialized area.
Accordingly, the Ormet site is very well suited for the utilization of institutional controls to
enhance the effectiveness of any active remedial measure.

At the last project review meeting it was agreed that Ormet would develop
remedial action goals in accordance with the Risk Assessment Guidance for Superfund, Pan
B, and that Ormet would include cleanup goals for both residential and industrial scenarios.
In a letter dated March 4, 1993 and signed by representatives of Ohio EPA and EPA, the
Agencies stated that: "[i]f Ormet wishes, they may present goals for the Industrial Use
Scenario in addition to the Residential Use Scenario remedial action goals." See Letter from
Rhonda McBride and Richard Stewart to John Reggi dated March 4, 1993. Appendix F to
the FS Report presents cleanup goals based upon both a residential use scenario (See Tables
F-7 and F-8) and an industrial use scenario (See Table F-12). This was entirely consistent
with the agreement reached at the project review meeting and the suggestion that the FS
Report was deficient because it contains both scenarios is inappropriate.

Appendix F contains health-based remediation goals for each media where
there is a reasonable potential for exposure. Institutional controls are a component of each
sitewide remedial alternative, except the no-action alternative, and under each sitewide
alternative institutional controls will effectively block certain exposure pathways. For
example, under sitewide alternatives 3 and 4, institutional controls such as a deed restrictions
and fencing would be utilized in conjunction with different capping scenarios. The institu-
tional controls merely supplement the active remedial measure of capping and yet the
institutional controls alone will eliminate the potential for future residential use of that area.
Therefore, because there is no potential for future residential use and no exposure pathway
for residential use of groundwater, no remediation goal is warranted for groundwater. This
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approach is consistent with the approach taken in Attachment 1 to the Addendum where EPA
states that:

.When remediation will result in eliminating an exposure (i.e.. as by capping
the material) it is not necessary to calculate [remediation goals] since the
exposure pathway assumed in the risk assessment would be incomplete.

Since Appendix F contains remediation goals for each media for which there is the potential
for exposure, it is inappropriate to characterize the FS Report as deficient for failing to
develop residential use cleanup goals.

PCB-Contaminated Sediments

Ormet does not disagree with the discussion of ARARs and TBCs in connec-
tion with PCB-contaminated sediments contained in the Addendum. Indeed, this discussion
reflects the sum and substance of Ormet1 s annotations to the last revisions to the FS Report
where Ormet disagreed with the Agencies utilization of TBC material as a basis for establish-
ing required cleanup levels.

Remedial Action Goals/Levels

The preliminary remediation goals ("PRGs") for PCBs in sediment contained
in Attachment I to the Addendum are inconsistent with accepted guidance and studies
published by EPA and do not recognize the enormous uncertainties associated with risk
calculations for the dermal exposure pathways. Current EPA guidance for the calculation of
PRGs does not even consider the dermal exposure pathway for the calculation of PRGs for
soil, let alone sediment, because there are too many uncertainties associated with the
calculation of dermal soil exposures. Dermal exposure calculations for sediment are even
more uncertain because of the added confounding factor of water reducing the adherence of
paniculate matter to skin. Therefore, consideration of the dermal exposure factor in
calculating PRGs for PCBs in sediments has no foundation and is inappropriate.

In addition, it appears that EPA utilized a soil adherence factor in its calcula-
tions for the PRGs for PCBs in sediment of 2 mg/cm2-day even though the default value
specified by current EPA guidance is .2 to 1 mg/cm2-day. There is no actual site-specific
data which would support the use of a higher adherence factor. EPA also appears to have
used an incorrect dermal absorption factor for PCBs. Accepted Agency guidance, including
the EPA's PCB Spill Cleanup Policy and the EPA report "Development of Advisory Levels
for Polychlorinated Biphenyls (PCBs) Cleanup" (EPA, 1986)", both specify a dermal absorp-
tion efficiency of 5% whereas EPA utilized a dermal absorption factor of 10%. Proper
application of currently accepted guidance and good science yield PRGs for PCBs of 1.1 E
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+ 01 and 4.3 E + 00 for the hypothetical trespasser and resident, respectively. (These are
the PRGs contained in the revised Addendum provided by EPA to Ormet by letter dated
November 10, 1993). There is no justification for this arbitrary departure from established
policy and accepted scientific principles.

Remedial MttflirffP SED-6 and SED-8

The FS Report contains a discussion of the effectiveness of the installation of
sheet piling and concrete revetments over contaminated sediments in the same manner as that
contained in the Addendum. Therefore, the Addendum is redundant.

In addition, Attachment 1 to the Addendum states that the remediation goal for
sediments must utilize the human health goal because it is lower than the ecological goal and
only the lower goal is protective of both human health and ecological receptors. This
statement is incorrect because the only remedial measures which do not include complete
dredging incorporate containment measures which will eliminate any potential human
exposure. Attachment 1 to the Addendum recognizes that elimination of the exposure
pathway eliminates the need for a human health remediation goal. Therefore, there is no
basis for establishing remediation goals at unreasonably low levels which are protective of
human health since there is no exposure pathway.

Assembly and Screening ftf Rfflmlfal Measures

The discussion regarding plume mobility and migration is misleading. This
discussion implies that the current pumping.scenario will cause the contamination of a
significant portion of the Ohio River Valley aquifer. The affected 2,700 foot segment
referenced is a very small portion of the overall aquifer (less than 10%) and the current
pumping scenario will continue to effectively contain that segment.

There is no basis for modifying the discussion in the FS Report regarding the
effectiveness of the soil cover remedial measures. The soil covers will eliminate the direct
exposure and airborne exposure pathway immediately upon implementation and there is no
current potential exposure to groundwater. The placement of soil covers over the FSPSA
would allow for continued flushing of the area and the groundwater extraction system would
continue to treat and address the contaminated groundwater. Because all potential exposure
pathways are eliminated this discussion in the Addendum is unnecessary.

Similarly, the discussion regarding the relocation of the 004 outfall is
redundant. Section 4.3.7 of the FS Report clearly provides that Outfall 004 will be rerouted
and that the specific location of Outfall 004 will be determined during the remedial design
phase.
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Development of Site-Wide Alternatives

The discussion regarding the purpose of new interceptor wells is redundant as
a similar discussion is contained in both Appendix K and the text of the FS Report.

Detailed Analysis of Site-Wide Alternatives

The FS Report states repeatedly that all waste, including sludge from the
groundwater treatment system, will be characterized appropriately and handled in accordance
with all applicable requirements. The Addendum improperly predetermines that the character
of the sludge generated by the groundwater treatment system will be a hazardous waste
"because it will still contain cyanide" and because "[t]he sludge will be so similar to that of
K088 listed waste . . . " (Comparative Analysis Section of Addendum). To the contrary, the
available data indicates that the material will not be similar to KO88. Certainly, at this time,
there is no basis for determining what the characteristics of the sludge will be and it is
entirely inappropriate to predetermine that this material will be considered a hazardous waste.

The statement that interceptor wells placed closer to the FSPSA will "reduce
the toxicity of contaminant concentrations . . ." is not accurate. Interceptor wells placed
closer to the FSPSA would be expected to extract a smaller volume of groundwater with
higher concentrations of contaminants, although the total mass removed by interceptor wells
placed closer to the FSPSA would be virtually the same as the total mass removed by the
extraction system presently in operation. In addition, although interceptor wells placed
closer to the FSPSA would restrict the plume to a smaller area, it is expected that it would
be more difficult to achieve and maintain containment under such a pumping scenario.

Comparative Analysis of Alternatives

The comparative analysis of sitewide alternatives and the inclusion of this
comparative analysis in the Addendum is inappropriate. No technical basis for the scoring of
specific remedial measures is provided and the evaluation of the various containment
measures appears to contradict the evaluation of similar measures at other Superfund sites.
In addition, the cost effectiveness evaluation required by CERCLA and the NCP which
require that cost be considered in selecting from remedial options that are adequately
protective was not performed properly.

With regard to specific points discussed in the Comparative Analysis:

1. The statement that interceptor wells placed closer to the FSPSA will
achieve MCLs in a shorter period of time is misleading since it is
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estimated that interceptor wells placed closer to the FSPSA would be
projected to achieve MCLs in approximately 36 years whereas it is
projected that the existing extraction system will achieve MCLs in
approximately 38 years. The text of the FS Report states this clearly,

2. The management of sludge from the groundwater treatment system is
discussed above.

3. Single barrier and dual barrier caps are both very effective over the
long term; however, dual barrier caps are more than twice as expensive
as single barrier caps. Therefore, single barrier caps are much more
cost effective and the statement in the Addendum to the contrary is not
correct.

4. The long-term reliability analysis selectively mischaracterizes the nature
of various alternatives, the conclusions regarding long-term reliability
are unfounded, and the distinctions drawn between sitewide alternatives
are arbitrary. For example, there is no basis for concluding that
sitewide alternative 3 is any less reliable than sitewide alternatives 4
through 10 which are characterized as relying more on treatment and/or
removal and more reliable over the long-term.

5. The conclusions regarding the implementability of various containment
measures over the former disposal ponds are unfounded. The FS
Report concludes that single barrier caps utilizing synthetic membranes
as the impermeable barrier could be installed over the former disposal
ponds without the need to stabilize the pond solids. No technical
support is provided for the unfounded assertion that engineering diffi-
culties may be experienced with the settlement of unstable material
under sitewide alternatives 3, 5, 8 and 10.

Conclusion

There is nothing in the well documented history of the program administration
of this Site to justify the mischaracterization of Ormet's performance in the Agencies* letters
of October 12, 1993 and the Addendum. We disagree with the need for the Addendum,
which in many instances is redundant, inaccurate and neither reflects good science nor
accepted Agency guidance. Ormet has included the Addendum in the FS Report subject to
the
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reservation of all rights and with the understanding that the Agencies will accept the
documents as complete for purposes of the CO. Upon confirmation that the document is
accepted we will distribute signature pages for execution.

Very truly yours,

John D. Reggi, Manager
Corporate Environmental Services

cc: Tinka Hyde
Elizabeth Murphy, Esq.
Abby Levelle
Jeff Hurdley, Esq.
Robert Fargo
Rick Issacs
Frank Jones, Ph.D.
Eugene R. Bolo, P.E.
Richard S. Wiedman, Esquire
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October 12, 1993 RE: MONROE COO»TT
ORXET CORPORATION
t 456-0613
DEAR CORRESPONDENCE

CERTIFIED #P 391 866 372

Mr. John Reggi
Ormet Project Coordinator
Ormet Corporation
P.O. Bex J.76
Hannibal, OS <*j931

Dear Mr. Reggir

Ohio EPA has reviewed Ormet Corporation's (Grmet) final submittal
of the Feasibility study Report. (FS Report), April 1993, and
regrettably cannot approve the document. Section IX, Paragraph I,
of the Administrative Order by Consent (Consent Order) requires
that all work under the Consent Order be done "in accordance with
the MCP, the Rt Guidance/ the FS Guidance/ and additional guidance
documents provided by U.S. EPA which are not inconsistent with the
NCP, and the requirements of this Consent Orderf including the
standards, specifications and schedules contained in the RI Work
Plans and the FS Work Plan." Unfortunately, Ormet'a FS Report
fails to comply with this requirement of the Consent Order in
several respects, the most important of which are discussed below.

Ornet has failed to provide/ within their second submittal of the
draft Feasibility Study peport, an alternative or component of an
alternative which demonstrates compliance with Ohio's Applicable
or Relevant end Appropriate Requirements fARARg), or in the
alternative, provides justification for waiving the State'0 ARARs.
According to U.S. EPA Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CKRCLA, Intaria Final
(OSWER #5355,3-01, October 1908) and 40 CFR Part 300.430 of the
National Oil and Hazardous Substances Pollution Contingency Plan
(KCPj, the Feasibility Study (FS), along with the detailed analysis
of alternatives within the FS, should be conducted to provide
decision-makers with sufficient information to compare alternatives
with respect to the nine evaluation criteria and to select an
appropriate remedy. One of these nine criteria which must be met
by the selected alternative, and thus supported by the FS, is the
attainment of AFAAs. Specifically, 40 CFR Part 300.430
(e)(9)(iii)(B) provides that the alternatives "shall be assessed
to determine -whether they attain applicable or relevant and
appropriate requirements under federal environmental laws and state
environmental or facility siting laws or provide grounds for

tO Q 067956cK9 ON XW OGS
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invoking one of the waivers under paragraph ( f ) (1) (ii) (C) of this
section". Also, section 6.2.3.2 of U.S. EPA's Guidance for
Conducting Remedial Investigations and Feasibility Studies Under
CBKCLA, Interim Final, (OSWER # 9355.3-01, October 1988) provides
that in the FS Report, the detailed analysis of alternatives should
"describe how the alternative meets these requirements (ARARsj.
When an ARAR is not met, the basis for justifying one of 'the six
waivers al lowed under CEPCLA ( see section 1.2.11) should be
discussed. "

Ormat ' 3 revised FS Report does not demonstrate that any
alternative, or alternative component, adequately satisfies the
requirements of Ohio Administrative Code (OAC) 3745-54-10 (B). QAC
3745-54-16 (B) requires that a facility located in a one-hundred-
year floodplain must be designed, constructed, operated, and
maintained to prevent washout of any hazardous waste by a one-
hundred-year flood. This ARAR is applicable to the Construction
Materials Scrap Dump (CMSD) which contains wastes within the 100
year floodplain.
Onnet's alternative component for the CMSD includes the use of rip-
rap along the cap face above an existing natural flood levee. The
maximum height of this levee, as presented in Figure 5-4 of the
revised FS Report (April 1993), was shown to be below the 100 year
flood elevation. In comments dated January 7, 1993 on Ormet's
initial draft FS Report (submitted in parts- December 1991 through
June 1992), the Agencies had Informed Ormat that CAC 3745-54*18 (B)
would be applicable to alternatives for the CMSD. The Agencies
further explained to Onnet by telephone conference on February 24,
1993 and in the project review meeting summary of March 4, 1993
that Onnet's proposed alternatives do not provide « level of flood
protection for the CMSD which would comply with this ARAR.

Additionally/ Onnet's proposed alternatives offer no flood
protection for the CMSD seep collection trenches and sumps which
will contain contaminated leachate also within the 100-year
floodplain. The Agencies stressed in the March 4, 1993 project
review meeting summary that a structure designed specifically for
the purpose of flood protection would be necessary to prevent
washout of CMSD wastes and seep collection trenches by flood
waters. However, Onnet has failed to provide such A design
component in their April 1933 revised submittal of the
Stud

The April 1993 revised FS Report submittal, also, does not provide
an alternative, or alternative component, which can be determined
to satisfactorily meet the requirements within OAC 3745-27-n (G)
for the design of a solid waste landfill cap. The conceptual
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design drawings for the capping of the Former Disposal Ponds (FDPs)
contained within this report do not include cap design components
which n»eet the specifications required by this ARAR.

In addition, the revised draft (April 1993) of the Fea^ibility
Study Report-Appendix F develops risk-based clean-up goals yet
fails to incorporate these as remedial action goals for the Ormet
site. Risk based remedial action goals are required by the
Feasibility Study Workplan (November 1990) Section 4.2 2 the NCP
40 CRF Part 300.430 (e) (2)(i) (A) (1) & (2), U.S. BPA guidance and
previous Agency comments. In Appendix F of the April 1993 revised
Feasibility Study Report. "Remedial Goals for the Ormet Site",
Ormet states that "...the calculation of health-based goals for
ground water under the limited control scenario is not
warranted..." Ormet also states in Appendix F "...calculation of
health-based clean-up goals for sediment under a limited control
scenario is not warranted..." Ormet determined in the FS Report-
Appendix F that risk based clean-up goals were "unwarranted" due
to the inclusion of institutional control* within their
alternatives. The Agencies, in comments dated December 11, 1992
on Ormet's initial draft Appendix F, specifically required Ormet
to delete from Appendix F all discussions regarding the utilization
of institutional controls to prohibit the future residential use \*
of contaminated ground water beneath the site and the future \/\
residential use of other site media. Ormet's use of institutional f^
controls is inappropriate in this case. Ormet has used >' ̂ ,<r
institutional controls as a "substitute for active response sv r

measures ... as the sole remedy" in contravention of the NCP, 40 * ** r
CFR Part 300.430 (a) (1) (ill) (D) . ^ ^ /

Also, within the Agencies' previous comments on Appendix F, dated \S /
December 11, 1992, Ormet was required to develop risk based clean- > y
up goals using the residential-use scenario only, since the
residential use scenario does Ml rely solely upon institutional
controls to provide protection of human health. Ormet, however,
not only ignored this comment but also deleted language in Table
2-1 which it had included in its first submittal of the FS Report
regarding residential land use scenarios.

Article X, paragraph (3), of the AOC, requires Ormet to submit a
revised document which incorporates U.S. EPA's and OEPA's required
modifications, in correspondence to Ormet dated January 7, 1993,
the Agencies disapproved Ormet's initial FS submittal (December
1991- June 1992) citing Orjnet's failure to adequately address the
Agencies' comments on previous sections of the FS submitted by
Ornet as a fundamental deficiency. The Agencies also informed Ormet
that failure to incorporate aJU. of the Agencies' modifications in
Onset's revision of the FS Report, or to include changes other than
those identified by the Agencies, would be construed as a violation
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of the Order. Ormet's second draft of the Feasibility Study
(April 1993) has failed to include previous modifications and
revisions required by the Agencies.
Therefore, by this correspondence, Ormet is hereby notified that
the Ohio SPA disapproves the second submittal of the Feasibility
srnHv asmort (April 1993) and maintains that Onnet is in violation
of the Administrative Order by Consent. Under the Consent Order,
the Ohio EPA has the right to take over the project and/or enforce
the terras of the Consent Order after the Ohio EPA and U.S. BPA have
disapproved any document. Because U.S. EPA intends to
conditionally approve the second submittal of the ftmbiiityJ&UdY.
Reoort fApril 1993) with specifications, however, and because the
OhioEPA deaires to see this project move forward as soon as
possible, the Ohio EPA will not seek to exercise its enforcement
rights at this time. Should U.S. BPA eventually disapprove the
second submittal, however, the Ohio EPA reserves its right under
the consent Order to take over the project and/or enforce the terms
of the Consent Order.

Sincerely

almer Gossett
Coordinator

Division of Emergency and Remedial Response
,krf

KGG/mr

cci Jenifer Kwasniewski, DERH, CO
Jeff Hurdley, Legal, CO *"
Sue KItecki, DEAR, CO

frO'd
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State of Ohio KnvironmcnUl ProUcticm Agency

Southeast District Office
2195 Front Strwt
log«n, Ohio 43138-9031
(CM) 385-8601
FAX (614)388-6460

George V. Voinovlch
Governor

December 8, 1993 RE: MONROE COUNTY
ORMBT CORPORATION
* 456-0613
DERR CORRESPONDENCE

John D. Reggi
Ormet Project Coordinator
Ormet Corporation
Route 7
P.O. Box 176
Hannibal, Ohio 43931

Dear Mr. Reggi:

On December I, 1993 Ohio CPA received the Ormet Final Feasibility
study Report with accompanying correspondence from Ormet which
was directed to both U.S. EPA and Ohio EPA. From thia December
1, 1993 correspondence, we conclude that Ormet has misunderstood
Ohio EPA's position regarding the Final FS as outlined in Ohio
EPA's October 12, 1993 letter to Ormet.

As Ohio EPA clearly stated to Ormet in our October 12, 1993
correspondence, "...Ohio EPA disapproves the second submittal of
the Feasibility study Report (April 1993) .. . ". Ohio EPA also
stated that it was U.S. EPA's intention to "conditionally approve
the second submittal of the Feasibility study Report (April 1993)
with specifications...". Therefore, Ohio EPA wishes to clarify
for Ormet that the State does not accept the Ormet Final FS,
submitted December 1, 1993, as complete. Ohio EPA did not
participate in the development of, or concur with/ the U.S. EPA
Addendum to the FS report. Ohio EPA will not be a signatory to
the Ormet Final Feasibility Study Report as submitted December 1,
1993.

Comments or concerns which Ormet may have specific to Ohio EPA'a
October 12, 1993 correspondence to Ormet should be addressed
directly to this Agency. Upon receipt of the Ormet Corporation's
concerns, Ohio EPA will respond promptly. We believe Ormet's
concerns regarding the FS and the Addendum can most appropriately
be addressed by U.S. EPA.

nqytM PMMT
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We hope that this has clarified Ohio EPA's position in this
matter. If you have any questions, feel free to contact roe

Sincerely,

Division of

KGG/mr

ergency and Remedial Response

cc: Rhonda McBride, USBPA, Region V
Jeff Hurdley, Legal, CO
Jenifer Kwasniewski, DERR, CO
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May 23, 1994

Mr. John Regtf
Ormet Coxporatiun
Route?
P.O. Box 176
Hannibal, OH 43931

RE: Cyanide Toxitity Fact Sheet

Dear Mr. Regfi:

As requested the attached fact iheet conveys the technical basis behind the low environmental
hazards posed by cyanide wmplexei. If you have any qwdons or require additional
information please let me know.

Sincerely,
OERAOHTY ft MILLER, INC.

Frank A. Jooti, Ph.D.
Principal ToxicologUt/Awodaie

ce Mr. StBven Faeth - Ccbert Seamans

126 NOtttt Jtftacn SOWt SOtt 400-MUmufcM, WUcoOtin 33202»(414) 278-7742*MX (414) 27ft-7B03



FREE, SIMPLE AND COMFLEXED CYANIDES

Cyanides are a group of organic and inorganic compounds that contain the CN* moiety.
Cyanides exist in various forms in the environment and are categorized as either tree cyanide,
simple cyanide, or complex cyanide. Free cyanide refers to the sum of the cyanide ion and
molecular HCN. Simple cyanides are compounds (ie., NaCN) that consist of A cyanide ton and
a cation. Complex cyanides are compounds in which cyanide is incorporated into a complex or
complexes.

Cyanates, which contain the -OCN radical, are formed industrially by oxidation of
cyanide salts. Cyanates hydrolyze in water to form ammonia and bicarbonate ion (USBPA,
1979). Cyanates, when compared to cyanide, are relatively nontoxic to humans and animals
(USBPA, 1978).

The stability of the complex cyanides vary from the highly stable iron and cobalt
cyanides, the intermediate nickel and copper cyanides, and the easily decomposable tine
cyanides (USBPA, 1979). Free cyanide is considered the primary toxic agent. Tlie other forms
of cyanide can contribute to the concentration of free cyanide in the environment depending on
their stability and environmental wnUUions.

Hydrogen cyanide is soluble in water and dilate add (which includes the gastric
environment), and will readily hydrolyw to 1 molar equivalent of cyanide (CN) and 1 molar
equivalent of hydrogen (Hartung, 1982). Simple metal cyanides are insoluble and probably will
would be transported as suspended solids or would settle out into sediments. Complex
metallocyanides are more soluble, and would be transported in solution (USEPA, 1979).

Changes in the concentration ratio of cyanide to metals will alter me form of cyanide
compounds. When metals are prevalent, the simple cyanides an predominant. When cyanide
is prevalent, the complex metallocyanides an favored (USBPA, 1979),

In the put, surveys of public water supplies have revealed no cyanide tratlnn*

above drinking water standards. In part, this was ascribed to the volatility of undissodatcd
hydrogen cyanide, which would be the predoniinantfctra to aU but WgWyalkillne waters. Also,
in part, cyanide ion has t decided tendency to be "fixed* in the form of insoluble or
undissoeiated complexes by trace metals. Cyanide may complex irreversibly with heavy metals
in water supplies and thereby be biologically inactivated in terms of toxldty attributable to
cyanide (US1PA, 1985).

Cyanide is rapidly absorbed into the body by ail routes of exposure (gastrointestinal tract,
lungs, and skin). Once absorbed, cyanide is distributed throughout me body via the blood.
Cyanide is not bioaccumulaied in any tissues, and is instead npidly detoxified in the liver by
die Innmliochrondrial enzymes. The enzyme rhodase will convert cyanide to ihlocyanle ,
which U dimtoaied from the body via the urine (USBPA, 1987).

GERAOHTY 6? MILLER, INC



Cyanide ii a rapid acting toxicant, that disrupts cellular respiration. Cyanide ioni will
complex with the metals present in various enzymes, inhibiting the catalytic activity. Hypoxia
results when cyanide intenipts the electron transfer down the cytochrome chain by inhibiting
cytochrome oxidase (Smith, 1980).

Chronic exposure to low levels of simple cyanides has been reported to cause
enlargement of toe thyroid in humani. Inefficient elimination of the metabolite thiocyante is
reported to be associated with this advene effect (NIOSH, 1976).

The iron cyanide complexes (I.e., ferricyanide and ferrocyanide) are extremely stable,
normally releasing negligible amounts of the toxic cyanide ion (NRCC, 1982). In the present
of ultra-violet light the iron cyanide complexes will be broken down to release cyanide ioni.
In subsurface soils, or turbid waters the rate of free cyanide release for the iron complexes is
negligible (NRCC, 1982).

Iron cyanide complexes are much less toxic than free cyanides (NRCC, 1982). They are
considered 'essentially non-toxic" to aquatic organisms (NRCC, 1982). Dietary studies of iron
cyanide complexes at resulted In little or no adverse effects u levels up to 0.5 percent of the
dally diet (Food and Drug Research Laboratories, 1969). Workers handling iron cyanide
completed materials over a number of yean did not develop any observed advene effects. It
was concluded that the Iron cyanide complexes are toxic only to the extent to which they are
converted to cyanide ions, which is slow (Hartung, 1982). Iron cyanides have relatively low
toxidty because they do not normally liberal* cyanide when acidified (Le., in the stomach) nor
an they believed to be metabolized to cyanide in vivo (Arena, 1974).

In summation, it is the complex-forming tendency of cyanide that is the factor that is
responsible for the toxicity; cyanide ions form stable complexes with various enzyme metals
interfering with cellular respiration (USEPA, 1978). TOs toxic effect Is dependent on the
presence of the reactive cyanide ion within the body. Stable Iron complexes, such u iron
uumplexcv have negligible cunvenkm to ionic or free cyanide. Intake of cyanides that are
already completed will nuiiwdt in tt^cyaru^ Therefore,
complexes! cyanides have relatively low toxicity (USEPA, 1978).

OERAOHTY 6T MILLER, INC.
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EXECUTIVE SUMMARY

The Buckeye Rec amation Landfill site is located in eastern Ohio approximately 4
miles south of St. Ciairsviiie. Ohio, in Belmont County. The site has been placed on the
National Priorities List (NPL) of uncontrolled hazardous waste sites under the
Comprehensive Environmental Response and Liability Act (CERCLA) of 1980.

This Feasibility Study (FS) Report summarizes the process used to develop and
evaluate the potential remedial action alternatives for the Buckeye Reclamation Landfill site.

The FS Report contains a multi-step evaluation of the technologies and assembled
alternatives by progressing through a series of screenings. General qualitative information
is used initially to screen the potential technologies and remedial action alternatives for
their applicability at the Buckeye Reclamation site, in later phases of the FS process,
more detailed, quantitative information is used to screen the technologies and potential
remedial action alternatives.

The ultimate goal of the FS process is to develop a list of potential remedial action
alternatives for use at tne Buckeye Reclamation site that are consistent with the National
Contingency Plan's (NCR) concept of an appropriate extent of remedy. This appropriate
remedy is described as a "cost-effective remedial alternative that effectively mitigates and
mintmizes threats to and provides adequate protection of public health, welfare, ana
environment" [40 CFR 300.680)].

Site Description

The Buckeye Reclamation Landfill site consists of a landfill and waste pit constructed
within a narrow valley filled with mine spoil. Near the north end of the landfill is an area
known as the waste pit. which is now covered, but formerly was a depression in which
industrial wastes (mostly liquids) were disposed.

\*r
The landfill is excavated in mine spoil which covers a bedrock ridge and partially

bunes two drainage ways: Kings Run to the east and Unnamed Run to the west.
Approximately half of the Kings Run valley is filled with 50-100 feet of mine spoil. The
sedimentary rocks that underlie the ridge on which the landfill and mine spoil deposits
occur consist of beds of impure limestone, sandstone, siltstone. and shale up to 300 feet
thick, interbedded with at least four major and two minor coal seams. All beds are
relatively low permeability. However, limestone, sandstone, siltstone, and coal bed
generally bear water in the vicinity of the site, as do the mine spoil and landfilled material.

Remedial Action Goals

The Endangerment Assessment Report identified 12 indicator chemicals as accounting
for the majority of the health-based risk associated with the site.

Of the indicator chemicals identified in the endangerment assessment, arsenic,
beryllium, and polycyclic aromatic hydrocarbons (PAHs) accounted for the majority of the
risks as associated with the soils. The remedial action goal for the soil is therefore to
protect public health and the environment by limiting direct physical contact with the waste
to reduce the threat of dermal contact, inhalation, and ingestion of soils. In addition to this
direct goal, remedial action goals for the soil also include addressing the soil as a source



for grourd-water contaniratio^ arc ac.a r-ine drainage protection that may impact the
waters of the state,

For the ground-water su^ace wate* matrix, the Rl found ^o contamination attnbutaoie
to the site in any of the surrounding pr ate wells, but the site ground water and surface
water were impacted by a number of contaminants. The flow of contaminated leachate into
Kings Run is of primary concer cscause of the potential for this surface water
contamination to impact the alL - : aquifer of the Little McMahon Creek south of the site.
The remedial action goal for the -jrface *=ter on the site is therefore to reduce the levels
of contaminants in the surface water leaving the site by achieving ARARs for these
contaminants. The low-pH waters will also be adjusted to a more neutral value prior to
leaving the site.

Remedial Action Alternatives

Four remedial action alternatives (and the No Action Alternative, as required by the
National Contingency Plan) werf developed and screened for potential application in an
attempt to meet the remedial =: :~ goats for the Buckeye Reclamation site. The
alternatives that were developed ;:om a list of applicable technologies that resulted from an
intensive screening process of potential remedial action technologies.

Nine evaluation criteria have beer developed to address the technical and CERCLA
policy aspects that have been proven to oe important m the selecting the remedial
alternatives for a site. The NCP requires these nine evaluation criteria to be considered in
remedy selection. The detailed analysis of the remedial alternatives presented m this FS
document were based upon the first seven of the nine criteria listed below:

Overall protection of human health and the environment
ARARs compliance
Short-term effectiveness
Long-term effectiveness and permanence
Reduction of toxtcity, mooility. or volume

• Implementability
Cost
State Acceptance
Community Acceptance

The last two criteria, state a-.--ot?-ce. and community acceptance required by NCP
are to be evaluated following cor n the RiFS and on :ne proposed plan. These
two criteria will be addressed m m; ~e final decision on trie remedy and preparation of
the Record of Decision (ROD) for tr.

A summary of the principal featu-: of the remedial action alternatives developed for
the Buckeye Reclamation site is given oeiow.

Alternative 1

Alternative 1 is the No Action alternative which is required by the NCP to be carried
through the detailed analysis of alternatives. This option is a no cost alternative that is
designed to function as a baseline comcar(son to the other alternates involving action.
Alternative 1 fails to meet the remedial action goals for the site, and is not protective of
human health and the environment.



Alternative 3A and 36

Alternative 3 utilizes a 'uii RCRA cap to protect the entire site. The cap *:,. e^~-a:e
direct contact witn contaminated soils, reduce infiltration of rainwater, and minimize re
formation of acid mine drainage. Capping will also minimize the formation of lancMi
ieacnates. Capping will also minimize the formation of landfill leachates. As witn all
alternatives involving remedial action, one of two options can be employed for acid mine
drainage following collection; these are chemical treatment by neutralization and
precipitation (option A), and biological treatment through the use of a constructed wetlands
(option B). The total cost of Alternative 3 is approximately $196,913,000 under option A.
and $193.084,000 under option B.

Alternative 4A and 48

Alternative 4 involves the use of a standard landfill cap to protect the entire site.
This cap is not as complex as the RCRA cap. but still will be able to effectively eliminate
direct contact with contaminated soils, reduce infiltration of rainwater, and minimize the
formation of acid mine drainage. Capping will also minimize the formation of landfill
leachates. As with at) alternatives involving remedial action, one of two options can be
employed for treatment of the acid mine drainage following collection: these are cnemicai
treatment by neutralization and precipitation (Option A), and biological treatment thro UGH the
use of a constructed wetlands (Option B). The total cost of Alternative 4 is approximately
SS2.492.-000 under Option A and $48.663,000 under Option 3.
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1.0 INTRODUCTION

This Feasibility Study report is prepared in fulfillment of Task 7 of the Remedial
Investigation Feasibility Study (RI/FS) for the Buckeye Reclamation Landfill (BRLi as
described m the Quality Ass_-ance Project Plan (QAPP) for this investigation. Yhe report
has been prepared in acco--_-:e with the most recent guidance for feasibility studies (U.S.
EPA, 1988).

The BRL site consists of a landfill and waste pit constructed within a narrow valley
filled with mine spoil. The BRL site is defined as being located " ... on approximately 50
acres of a 658 acre tract ... and such other areas beyond said 50 ac-e landfill where
hazardous substances have come to be located as a result of a reie=se from said landfill"
(Administrative Order by Consent. January 26, 1986, pace 8, Item ^ ').

The remedial investigation at this site was conducted from May 1986 through
December 1988. The report of the remedial investigation (Rl) was prepared and submitted
to the Agencies as a draft on March 23, 1989. A final Rl report was submitted August 9,
1989 after addressing comments from tne Agencies on the draft. This document was
subsequently finalized by the Agencies and approved June 20, 1990.

The FS consists of development and screening of alternatives and detailed analysis
of alternatives. Alternatives for remediation are developed oy assembling combinations of
technologies and their applicable media into alternatives that address contamination on a
site-wide basis or for an identified operable unit. During detailed analysis, the screened
alternatives are further refined and compared.

1-1 Purpose and Report Organization

The objective of the feasibility study is to screen, evaluate, and recommend remedial
actions for the BRL site that are protective of human health. This report documents the
analyses and evaluations conducted to develop comprehensive remedial action alternatives
for the 8RL site. The Agencies will use this information to recommend a remedial action
alternative in accordance with the NCR and CERCLA statutory provisions for
implementation at the BRL site.

The remedial action objectives for the site focus upon actions to protect human health
and the environment via control or elimination of potential contaminant exposure pathways.
These include actions to ensure the future immobility of, or to remove permanently the
waste constituents in the landfill and waste pit, prevent contamination of site surface waters
by leachates possibly originating from the waste pit and/or discharges from the landfill
through water-bearing zones, and to prevent public exposure to surficial soils.



The remainder of Section 1 provides background information for the site, describes
the results of the remedial investigation, discusses the nature and extent of contammat-or.
and summarizes the findings of the Endangerment Assessment.

Section 2 discusses the feasibility study process in general and its application to the
BRL site.

Section 3 presents and discusses the remedial action objectives, summarizes site
contamination problems including the findings of the Endangerment Assessment, and
presents the potential Applicable or Relevant and Appropriate Requirement (ARARs) for the
site.

Section 4 discusses the development of general response actions, which are specified
by site media. Section 5 describes the phase one screening process for impiementaDtlity
of process options (technologies). Process options surviving the phase one screening are
then subjected to a phase two screening for impiementability (in more detail), effectiveness,
and cost. The results of screening in Section 5 are one or more viable process options
within each type of remedial technology.

Section 6 assembles the surviving process options into site-wide remedial alternatives,
and evaluates those alternatives relative to each other for effectiveness, implementabiiity.
and cost. Alternatives that are duplicative or not cost-effective are eliminated from further
consideration.

Section 7 evaluates alternatives which survived screening according to the nine
evaluation criteria derived by the U.S. EPA based on statutory provisions in Section 121 of
CERCLA. which are: overall protection of human health: compliance with ARARs:
long-term effectiveness and permanence; reduction of mobility, toxtcity, or volume;
short-term effectiveness: impiementability; cost; State acceptance; and, community
acceptance. Section 7 also provides a tabular summary comparative analysis of the
alternatives to assist the Agencies in identifying key tradeoffs among alternatives.

1.2 Site Background

1.2.1 General Site Description

The Buckeye Reclamation Landfill (BRL) is located near State Route 214,
approximately 4 miles southeast of St. Clairsville and 1.2 miles south of Interstate 70 m
Sections 20 and 21 (Township 6 North, Range 3 West). Richland Township. Belmont
County. Ohio (Figure 1-1). Interstate 470 is located just south of the landfill entrance and
approximately 3,000 feet north of the landfill area.



The BRL site is situated in the Kings Run drainage ravine: it is bordered by K ^gs
Run to the east and Unnamed Run to the west. The landfill extends approximately 3."00
feet north to south and is approximately 500 to 1,000 feet wide. The site on whicr. t"e
landfill is located occupies 658 acres. The landfill occupies approximately 50 acres o* this
area.

The approximate site boundaries for the Rl extend from Kings Run to the east.
Ebbert Road to the west. Little McMahon Creek to the south, and Interstate 470 to re
north. The valley of Kings Run and the ridge to the west were filled with mine spoil "om
nearby underground coal mines. Coal mine spoil is comprised of rejected off-specification
coal, shale, waste rock, pyrites, and other materials that contain iron, manganese,
aluminum, and other metals. A large area of mine spoil also extends into the valley of the
Unnamed Run to the west. Placement of the mine spoil resulted in the formation of three
surface water impoundments along Kings Run (Figure 1-2). Only the northernmost
impoundment, the largest of the three, is still present. Water flows out of the northern
impoundment via an overflow pipe tha' extends under the landfill access road and
discharges into Kings Run. Placement of mine spoil into a tributary valley on the nage
west of Kings Run created an impoundment referred to as the Waste Pit. The Waste Pit
was filled and covered prior to site investigation.

The landfill descends towards the drainage ravine and gently slopes toward the south.
The southern portion of the site is vegetated; barren soils and mine spoil are present over
the remainder of the site.

The Kings Run watershed is 1.04 square miles in area and the average fall is about
162 feet per mile. Little McMahon Creek drains an area of 14.42 square miles and flows
for 8.3 miles before its confluence with McMahon Creek. The McMahon Creek drainage
basin includes 91.2 square miles in Belmont County (J.C. Krolczyk, 1954. Gazetteer of
Ohio Streams).

Portions of three abandoned underground coal mines underlie the site. Pittsburgh
(No. 8) coal was removed from these mines. Most of the mine spoil deposited at the site
was removed from a mine located just south of the site, across Little McMahor Creek.

A reclaimed strip mine is located north of the site, along the ridge separating Kings
Run and the Unnamed Run to the west. The Washington (No. 12) coal was strip-mined
from the ridge. There is no evidence that any strip-mining occurred within the boundaries
of the site.
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1.2.2 Site History

Deep mmmg occurred beneath and adjacent to the 658 acre site until about the early
1950s. During that time, the site was a disposal area for mine spoil. Mine spoil was
removed from the mines and deposited on the ridge west of kings Run and in the
drainage ravine" for Kings Run. The area was licensed as a public sanitary landfill in 1971
by the Ohio Department of--Health, and is currently owned by Belmont County. It has been
operated by Ohio Resource Corporation, under the name of Buckeye Reclamation
Company, since that time. As a public landfill (of approximately 50 acres in size) the
facility accepts general trash, rubbish, and other materials from municipalities, villages in
the county, and the surrounding area.

Detailed records of the actual types and quantities of waste and their on-site location
are limited. Woodward-Clyde (1985) cites a 1979 OEPA Solid Waste Disposal
Questionnaire indicating the following distribution of materials received by the site.

55 percent household
• • 20 percent industrial - -

10 percent commercial
5 percent agricultural
5 percent construction demolition
2 percent incineration residue
1 percent dead animals

In addition, these records indicate a total waste volume of approximately 950 tons per
week or 49,400 tons per year. Use of the Waste Pit had ceased by 1980, when the pit
was fitted and covered. Soil samples for chemical analysis were taken from seven borings
in the general landfill area.

The landfill accepted industrial sludges and liquids, with most-of the wastes received
between 1976 and 1979. The liquid and sludge disposal is believed by the operator to
have been confined to a 5 acre depression (or a portion of it ) located in the northern-
section of the fill area. This area is known as the Waste Pit. Two other potential disposal
areas were identified by U.S. EPA before and during the Rl. 1) the asbestos disposal
area, and 2) the southern impoundment area (Figure 1-3).

1.2.2.1 Waste Pit

Bulk liquids disposal is believed by the operator to have been confined to the Waste
Pit. Solid wastes (i.e., asbestos, carbon black) were disposed with municipal wastes
elsewhere in the landfill. Industrial sludge was spread upslope from the Waste Pit. (This
sludge was later covered in place.) In 1980, the Waste Pit was filled by pushing mine
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spoil and overburden soil into the impoundment. The area was then covered with clay.
shale, and soil graded from upsiope areas and seeded to grass. A low soil berm was
graded in place around the Waste Pit to route surface flow around the area and prevent
erosion.

Estimated total volumes of industrial wastes received are 4.7 million gallons of liquid
and 3,300 tons of solid wastes (Woodward-Clyde, 1985). Most of this material is believed
to have been disposed of in the Waste Pit between 1976 and 1979. The materials
believed to have been disposed of in the Waste Pit include (Woodward-Clyde, 1985):

Asbestos
Benzene
Benzoic acid
Fumaric acid and washings
Various industrial sludges
Maieic acid
Maleic anhydride solution

Naphthalene
Oils
Paints and varnishes
Phtnalic acid
Sodium suifate or suifide
Xylene

To determine the types of wastes and concentrations present in the Waste Pit. five borings
were advanced in the area. Soil samples from four of the borings were taken for chemical
analysis. Soit samples from the fifth boring were used to determine physical
characteristics.

1.2.2.2 Asbestos Disposal Araa

Asbestos was also disposed of in a separate area of the landfill. The area is
believed by the operator to have been limited primarily to the southern filled areas of the
landfill (Figure 1-3). The asbestos was generated by a braks block manufacturing facility
and was disposed of at the landfill with other solid waste materials. The generator has
indicated that the asbestos may have been delivered in plastic bags although this has not
been confirmed. Information concerning the size of the bags was not available.

1.2.2.3 Southern Impoundment Area

The southern impoundment was present at the landfill as early as 1970 and is clearly
shown on a pre-landfill topographic map prepared for the Buckeye Reclamation Company
by Stegman and Schellhase. inc. (1970). At the time of the 1970 mapping, the
impoundment contained water with the surface of the water standing at 917.0 feet (MSL)
elevation. (The southern impoundment was originally formed by damming the course of
Kings Run with mine spoil.)
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in 1975. the water was drained from the impoundment to allay the concerns of

residents downslope that the impoundment could break, causing flooding. Current
long-term employees of the Bu:- /e Reclamation Company and long-term county of f -c;ais
m charge of inspecting the lanct.. report that after the impoundment was opened, portions
of the bottom of the depression were lined with old tires to restrict soil erosion and provide
a base for subsequent landfiltmg operations. (The area was not mapped at this time.
Therefore, exact measurements of the elevation of land surface are unavailable. However,
extrapolation of topographic contours on the 1970 Stegman and Schellhase map indicate
the elevation at the bottom c* the impoundment could have ranged from 905 feet in the
north part to 895 feet in the southern part.)

After the depression was lined with tires, the area was used for disposal of domestic
garbage by the standard Mi-and-cover method. The 1983 topographic map prepared by
Burgess and NIC e. Ltd. indicates land surface elevation in the area of the southern
impoundment at 935 to 965 fee- ;MSL). The 1" to 100-foot scale map prepared for this
project indicates present land s.-sce elevation at 935 to 965 feet (MSl) in the area of the
Southern impoundment. Therefore, no landfilling occurred in this area after 1983, the date
of the Burgess and Niple mapomg. If disposal of neutralized pickle liquor sludge had
occurred. r would have been between 1975 (when the impoundment was drained and imed
with tires; and 1983 (the date of th- Burgess and Niple mapping).

in order to evaluate the possibility that neutralized pickle-liquor sludges were present
at this location, three boreholes were advanced and split-spoons were collected for a visual
inspection and field screening of split-spoon sampled (collected continuously) from the
southern impoundment with photoionization and flame iontzation detectors. The Agencies
believe that this information is inconclusive.

1.3 Remedial Investigation

A Remed'3 Investigation (Rl) was conducted at the Buckeye Reclamation Landfill
(BRL) in St. C.airsville. Oho by Versar. inc. under contract to the Buckeye Reclamation
Landfill Steering Committee .n accordance with the Administrative Consent Order
agreement with U.S. ERA - - o- v and Ohio ERA. Waste Characterization activities
included an electromagnetic conductivity (EM) survey and borings and analyses of samples
in the Waste Pit area. Soil borings and analyses were also conducted in the general
landfill area and in background locations. Evaluation of contaminant migration pathways
included surface water, air, and hydrogeologic investigations, and sampling of domestic
water supplies.

Additional Rt activities conduced included ground-water sampling from twenty-one
on-site wells, ground-water sample; from seven off-site wells, on-site surface water



sampling from nine surface water stations, leachate sampling from six locations, and
sediment sampling from eight of the surface water monitoring stations.

1.3.1 Summary of Activities and Findings

The remedial investigation involved extensive evaluation of the geology and
hydrogeology of the site and detailed evaluation of the nature and extent of contamination
in various environmental media and transport pathways. These media and pathways
included the following:

Waste Pit and surrounding soils.

Surficial soils.

Landfill soils, including an area designated the Asbestos Disposal Area and a
third area of alleged disposal known as the Southern Impoundment.

Leachates from the Waste Pit mine spoii'garbage and from the landfill mine
spoil and garbage.

Surface water in Kings Run (which runs through the site), a small tributary to
the west of the site known as Unnamed Run (which is unaffected by the site.
and Little McMahon Creek which is fed by Kings Run and Unnamed Run).

Runoff from the Waste Pit and Asbestos Disposal Areas.

Sediments in Kings Run. Unnamed Run. and Little McMahon Creek.

Air emissions from the Waste Pit and Asbestos Disposal Area.

Ground water in the following six water-bearing zones.

. Wegee limestone, which is contiguous with the Waste Pit
• Waynesburg coal, which is contiguous with the Waste Pit
• Uniontown sandstone, which is near and immediately beneath the

Waste Pit
• The mine spoil water-bearing zone, which underlies most of the site and is

associated with a virgin soil confining layer that predates and underlies
most of the landfill and mine spoil, but is locally breached along the
former Kings Run drainage

• Benwood limestone, which underlies most of the site
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Bedstone limestone, whicn underlies the site and is contiguous with oft
site units

Domestic wells located in the alluvial valley of Little McMahon Creek, and one
spring located near the site and emerging from the Benwood limestone.

Additional evaluations included a survey of fish and benthos in Kings Run, Unnamed Run.
and Little McMahon Creek to assess the impact of discharges from the site on Little
McMahon Creek.

The results of the EM survey conducted prior to drilling and sampling at the Waste
Pit indicated that no metallic drums or other targe metallic objects were present in the
subsurface and that no contaminant plumes were distinguishable within the original
boundaries of the Waste Pit. Comparison of pre-landfilling and present-day topography
indicated that the Waste Pit was irregularly conical in shape extending to a depth of not
more than 55 feet below present grade.

The results of the Waste Pit boring program corroborated previous information on the
physical make-up and later filling of this area. The upper pan of the Waste Pit consists of
mine spoil and silt, mine spoil and garbage, and a ctay cap. The Waste Pit is floored by
virgin soil and clay overlain by clay and silt containing graded gravels typical of sediments
deposited in standing water. Because these deposits are free of garbage and. therefore,
undisturbed by landfiiimg activities, the base of the Waste Pit is broadly defined by these
deposits. Based on historical map information supported by geologic information from
these borings, it can be concluded that the Waste Pit was originally an impoundment
formed by tne damming of a small ephemeral stream with mine spoil.

Samples were collected from four borings within the boundaries of the Waste Pit.
Two distinct peaks in the organic contaminant concentration were identified within the
Waste Pit: 1) a peak roughly between 1070 and 1079 feet mean sea level (MSL), and 2)
a peak between 1055 and 1065 feet MSL Contamination concentrations decreased
markedly above and below these depths. No asbestos or PCS s were detected in any of
the borings. Heavy metals were broadly distributed through the Waste Pit materials with
localized high concentrations of chromium and zinc. Pesticides were detected in only
2 samples.

Detailed geologic profiles of the site were obtained using readily available topographic
maps of the landfill area and borings advanced for the Rl. The first detailed map of the
landfill area, the 1905 St. Clairsvilie U.S.G.S. 15 Minute quadrangle, shows the original
topography of the valley before the mine spoil was emplaced. The virgin soil confining
layer was observed repeatedly in soil borings and corresponds to the 1905 tooographic
surface. By overlaying tne 1905 topographic map onto the 1987 site base map and

NS 11



correlating these surfaces with geologic information from soil and rock borings,
cross-sections were developed between major boreholes.

Twelve soil borings were advanced in thts unconso'tdated material of the general
landfill. Samples from seven of these borings were collected for physical description and
chemical analyses. Samples from the other five borings were collected for physical
description only. A pre-landfill mine spoil layer overlies a virgin soil layer at all locations
except MW-5C and MW-10C. However, is believed to be absent in the old stream bed of
the buried ancestral drainage of Kings Run. Deposits of mine spoil and garbage, mine
spoil and sift fill, and clay cap are found above the mine spoil.

in the genera! landfill outside the Waste Pit, volatile organic compounds detected in
the borings include methylene chloride, acetone, benzene, toluene, ethyl benzene, and
xyiene. The major semivolatiie organic compounds detected include naphthalene.
2-methylnaphthalene. dibenzofuran, phenanthrene, bis(2-ethylnexyl)phthaiate, and chrysene.
These compounds were also detected in a soil sample collected outside the landfill and
areas affected by mine spoil disposal (MW-OA). Low levels of pesticides were detected in
samples MW-12AX and MW-9A. No PCBs were detected in any samples. Heavy metals
were detected throughout but generally at concentrations comparable to (or slightly higher
than) those found in soils affected only by mine spoil disposal. Asbestos was detected m
samples from MW-12AX and MW-9A at weight percentages ranging from 1 x 10! to
5.9 x 10".

A network of 25 monitoring wells was installed throughout the site to monitor the
unconsolidated material (mine spoil and garbage) above a contiguous confining layer
identified as the virgin soil confining layer (defined in the plans for the project as a shallow
upper zone) as well as several bedrock aquifers including the Wegee limestone.
Waynesburg coal, Uniontown sandstone, and Benwood limestone (deep upper zones), and
an aquifer which underlies the entire site, the Redstone limestone (deep zone). Nested
conductor casings were used to isolate these zones during drilling to minimize
cross-contamination between zones. Geologic cross-sections have been developed for the
site based on detailed geologic information obtained during drilling. An extremely regular
bedrock geology was observed through correlation of continuous core and logging.

Ground-water surface elevations were measured during both the March and the
May. 1988, ground-water sampling events. These measurements were used to prepare
hydrogeologic cross-sections and potentiometric contour maps. The nydrogeoiogy of the
mine spoil water-bearing zone appears to be controlled by the original "pre-mine spoil"
topography. Ground water generally flows north to south in the mine spoil and Benwood
limestone water-bearing zones. The mine spoil water-bearing zone is primarily recharged
from three sources; the surface impoundment. Kings Run. and infiltration from the ridgetop
to the northwest. Direct infiltration is limited by the clay cap and compressed layers of
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garage and fill. The primary source of recharge to the Benwood limestone apoears to se
the surface impoundment although vertical leakage through outcrops ana subcrops are afso
likely where the virgin soil layer is absent.

Potentiometnc surface elevations in the Wegee limestone. Waynesburg coal, and
Uniontown sandstone indicate northerly, southwesterly, and northwesterly flow directions,
respectively. Recharge from the shallow upper zone induces this flow to the northwest ana
north. However, the southeastern dip of the strata would tend to limit the areal extent of
the influence from a southeast or northeast recharge.

Potenttometnc surface elevations in the Bedstone limestone indicate a recharge
source to the south, The difference in potentiometnc surface elevation between MW-10C
and MW-12C suggests recharge to the Redstone limestone by hydrostatic pressure at the
subcrop in a fashion similar to the bedrock units near the Waste Pit. All bedrock
formations show no indication of any substantial primary porosity or permeability.
Ground-water yields are the result of secondary porosity and permeability at joint faces,
coal cleats, and along bedding planes.

The overall ground-water quality of the area is rich in inorganic constituents. Total
dissolved solids (TOS) m tne mine spoil water-bearing zone are generally very high (3,000
to 5.000 mg'l in most wells and up to 8,380 mg/l in MW-7A). Some bedrock TDS levels
are comparably high; the TOS ranges in bedrock wells are considerably lower (generally.
1,000 to 2.000 mg/l) but increase to 3.000 to 3.500 at monitoring wells near the influence
of recharge from the shallow mine spoil water-bearing zone.

A number of contaminants were detected in several water-bearing zones. However
the distribution of these analytes shows no systematic pattern indicating a well-defined
plume from the Waste Pit, with the possible exception of benzene (MW-4A, MW-8A, and
WW-8B) and no definable plume associated with the general landfill. However.
contaminants may be migrating from the Waste Pit short distances through ground water
and through leachates near the Waste Pit, and discharging to surface water.

Nine surface water stations were constructed to monitor surface water-quality during
baseflow and storm flow conditions in Kings Run, Unnamed Run, and Little McMahon
Creek. Two surface runoff stations were installed to monitor storm events.

Kings Run. Unnamed Run, and Little McMahon Creek are all affected by depressed
pH and other typical effects of acid mine drainage such as elevated concentrations of
metals. Concentrations of most inorganic constituents generally increase from upstream to
downstream locations, as would be expected.
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Very (ew organic compounds were detected in surface water samples, with the
exception of common laboratory contaminants. Where detected, organic compounds were
at extremely low concentrations at or near detection levels. Arsenic, barium, chromium.
lead, mercury, silver, and selenium were detected at elevated concentrations in some
locations.

Eleven sediment samples were collected near surface water stations. Other than
common laboratory contaminants, no volatile organic compounds were detected in any of
the sediment samples. Nine semivolatile organic compounds typical of the composition of
undisturbed mine spoil were detected. The concentrations of all of these contaminants
were more than an order of magnitude less than concentrations in the mine spoil. The
distribution of metals in sediment varies between the different drainages, but metal
concentrations are generally higher in upstream locations because these locations are less w
affected by dissolution of these metals (this dissolution is a result of the elevated pH
characteristic of AMD).

Six sampling locations were selected to provide data on leachates/springs on the BRL
site and in the Unnamed Run drainage. Three leachates were sampled in the immediate
vicinity of the Waste Pit area (L-i. L-2, and L-5). Of these, only L-2 has the potential of
being affected by the Waste Pit. Leachate L-1 emerges from mine spoil and garbage and
L-5 emerges from mme spoil. A sampling location was also selected in the Unnamed Run
drainage (L-6) to provide additional information about acidic leaching of mine spoil materials
unaffected by any contaminants from the Waste Pit or the landfill. All of the leachate
sampling locations except L-3 are affected to some degree by the presence of mine spoil
in the immediate vicinity of the sampling location. The leachate sample from the Benwood
limestone, L-3. although identified as a leachate for the purposes of this investigation, is
more correctly termed a spring. The leachate at the toe of the landfill (L-4) is a major
discharge point for the mine spoil water-bearing zone.

Several volatile and semivolatile organic compounds were detected in leachates from
the Waste Pit mine spoil garbage and from the mine spoil and garbage.

Metals concentrations were elevated for arsenic (L-5 and L-6), cadmium (L-5 and
L-6), and chromium (L-5 and L-6). Because L-5 and L-6 represent pre-landfill conditions
for acidic leachate unaffected by the Waste Pit or landfill, these data indicate that much of
the contaminant loading in surface water for these metals and much of the ground-water
contamination for these metals are the result of leaching from the mine spoil, rather than
from waste disposal activities associated with the operation of the site.

Asbestos fibers were not present in samples collected during quantitative air sampling
at the Asbestos Disposal Area. Some volatile organic compounds present in the Waste Pit
soils are posstbly being released in low concentrations to the air, but firm conclusions



cannct be made due to high up-wmd contaminant concentrations in the area of the Site.
The <rate of release is very slight, even under weather conditions ideal for max-mum
concentrations to occur (such as high ambient air temperatures and light winds;. Heavy
metals are either present m extremely low concentrations or absent altogether m sample air
collected at the site.

With respect to aquatic ecosystems, ail sites surveyed appeared to be impacted and
results of both fish and macroinvertebrate surveys demonstrated a pronounced gradient in
stream water quality in the vicinity of the site. The scarcity of benthic macroinvertebrates
and the absence of fish m downstream locations on - ;ngs Run and Unnamed Run
suggests that the instream environment is extremely coor at these sites, with conditions in
Unnamed Run being least favorable to living organisms.

Along Kings Run, abundance and richness of both fish and benthic
macroinvertebrates declines from oelow me impoundment to Little McMahon Creek, but the
decline in fish abundance was much more rapid than the observed gradient in benthic
macroinvertebrate abundance. A similar phenomenon was also observed in Little McMahon
Creek; the fish population exhibited much more drastic reductions in numbers than benthos
gong downstream, suggesting that environmental stress is near the lethal threshold when
organisms, especially fish, are exposed to water from Kings Run and Unnamed Run.

The data clearly show that fish and benthos are strongly impacted by poor quality
water from Unnamed Run primarily and. to a lesser extent, from Kings Run. The effect
from discharges from mine spoil is so severe, however, that the effects from any
contamination arising from the Wast? Pit or the general landfill is statistically unobsen/abie.

1.3.2 Nature and Extent of Contamination
*^s

The focus of the remedial investigation was on possible migration of hazardous
substances from the Waste Pit at the northern end of the landfill. Complete analytical
results from the borings are contained in Appendix C of the Rl report (Versar 1989). Of
the compounds detected, the Rl report (Versar 1989, revised by Ohio EPA and U.S. EPA
6/90} identifies six contaminants potentially indicative of the Waste Pit, due to significantly
higher concentrations compared to concentrations found in mine spoil or mine spoil plus
garbage. These contaminants are benzene, toluene, ethylbenzene. total xylenes.
chromium, and zinc.

Maximum concentrations of benzene, toluene, ethylbenzene. total xylenes. chromium.
and zinc were 19,000 iig/Kg. 142,000 Mg/kg, 303.000 ng'kg, 907.000 yg/Kg. 276 mg/kg. and
20.400 mg'kg. respectively. The maximum concentrations of benzene, toluene,
ethylbenzene, and total xylenes in the Waste Pit borings were all from WP-2 at depths at
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*2 to 15 feet. Maximum concentrations of chromium and zinc were from WP-4. at depths
of 21 to 24 feet.

From general landfill and mine spoil borings, maximum concentrations of benzene,
toluene, ethylbenzene. and total xylenes were all from boring MW-2Ax, at a depth of 20 to
25 feet. These values are 94 ng'kg (81 on reanalysis). 240 mg/kg (220 on reanaiysis).
45 îg'kg (39 on reanaiysis), and 150 ng-'kg {130 on reanaiysis), respectively. The
maximum concentration of chromium (38 mg'kg) was found at a depth of 15 to 18 feet in
boring 3AA. The maximum value of zinc (3.650 mg/kg) was found at a depth of 20-25 feet
m bonng 9A.

it is expected that contaminants present in the ground water (or those that could
migrate to the ground water) would be transported in the same direction of ground-water
movement. Ground-water movement on the site is not well defined due to the extremely
complex hydrogeology. Ground water in some water-bearing zones might be expected to
move eastward, in accord with the slope of the land. The Waste Pit indicator compounds
found in MW-7A. MW-4A. MW-8A. and MW-8B. all of which are located in the suspected
aowngradient direction from the Waste Pit. support the hypothesis that contaminants may
have moved some distance from the Waste Pit.

Low concentrations of the indicator volatile organic compounds (VOCs) were detected
during only one of the three sampling rounds of the leach ate s and springs at Leachate L-2
The indicator metals were reported in all leachates. except the Benwood spring (L-3)
(Versar, 1989). during all three sampling rounds. Leachate L-6, located a half-mile
southwest of the Waste Pit in the valley of Unnamed Run and well beyond the landfill,
reported the highest concentrations of chromium and zinc, it is unlikely that the water m
the Waste Pit soils would move westward towards Unnamed Run contrary to the slope of
the land surface, but that possibility cannot be totally discounted.

None of the VOCs or chromium were found during the sampling of the six domestic
wells and one domestic spring located in or near the valley of Little McMahon Creek. Zinc
was found in at) the wells with the highest concentration at 226 u,g/i. No zinc was reported
m the domestic spring.

None of the indicator VOCs are reported from any surface water source sampled
during the Rl. The indicator metals concentrations were relatively high. The concentration
ranges of 14 to 219 ng/l and 28 to 1,030 ug/l for chromium and zinc, respectively,
considering the data from Kings Run and Little McMahon Creek together. It is not possible
to determine if these values suggest an origin for the contaminants in the Waste Pit or
simply reflect the general character of the landfill and mine spoil materials.
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The sediment samples reported only trace indicator VOCs and low concentrations o*
the indicator metals. These values are of little significance with respect to the origin c' the
contaminants.

1.3.3 Endangerment Assessment Summary

The Endangerment Assessment (EA) examined the non-cancer hazards and cancer
risks associated with a group of 12 indicator contaminants which are representative of
chemicals wnich may account for the majority of the nealth-based risk at the site. Tne
hazards/risks attributable to these analyies are compa-ed to hazards/risks associated with
pre-landfill conditions (conditions which would include contamination levels resulting from
mine spoil). The exposure assessment examined pr-sently existing exposures for the site.
as well as exposures which could result from future ?.nd use activities. Exposures and
hazards<nsks for indicator contaminants detected in r:sidential wells in the vicinity of the
site were also examined.

None of the existing exposure oathways were associated with significant
noncarcmogenic hazards for either the site or pre-landfill conditions. Of the existing
exposure pathways identifie. 'or the site, the possible inhalation of fugitive dusts resulted m
cancer risk estimates assoc.-:ed with adverse human health effects. Soil concentrations of
arsenic and chromium were me primary sources of these increased estimates. These
results indicate that bikers, hunters, hikers or other such trespassers may be subject to
potential health effects from the inhalation of contaminated fugitive dusts or dermal contact
with soils or dusts from the site. At the same time, it must be noted that contaminant
concentrations in windblown dusts were determined from a modeling effort and not actual
ambient air monitoring at the site. Conservative assumptions were included in these
calculations which may or may not result in overestimates of exposure concentrations.

The potential exposure pathways provided exposure concentrations for the site which
were, for nearly all cases, higher than pre-landfill concentrations. These contaminant levels
in ground water ana surface water were also associated with noncancer hazard and cancer
risk estimates (tor all exposure media) which exceeded the standard hazard index of 1.0.
and the cancer risk level of 1.0 A 10 '*, respectively. Such exposures could potentially
cause adverse effects in humans at the site under a future use scenario. On an individual
basis, the Agencies believe that ingestion of surface water and ground water from the
Bedstone limestone and mine spoils water-bearing zones were pathways which contributed
maximally to the total noncancer hazard for the potential exposure pathways. When the
individual pathway hazards for these chemicals are evaluated and grouped according to
chemical-specific critical effects, the primary contributors to hazard indices which are
greater than unity include: arsenic, chromium, cadmium, carbon tetrachloride, and
1,1-dichloroethene.
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With respect to cancer risk, the levels of contaminants in all of the aquifers and <n
surface water were associated with risks which exceeded 1.0 x 10*. The indicator
chemicals were not detected in the pre-landfill ground-water samples, or were found at
lower concentrations than the levels found in other media at the site, thus precluding the
attribution of these risks to pre-landfill conditions. Further examination of the specific
chemical risks reveals that arsentc provides a major contribution to the excess risk m all
the potential exposure pathways (ground water, surface water, and soils). Benzene also
contributes to the excess pathway risks for ground-water ingestion and inhalation of VQCs
during showering with ground water. Carbon tetrachloride and 1,1-dichloroethene risks are
elevated for ground-water ingestion, inhalation, and/or dermal contact (with the exception of
the Bedstone and Wegee limestone aquifers). PAH risks were elevated for surficial soils
ingestion. Arsenic and benzene provide the greatest overall input to the pathway-specific
risks in terms of the frequency at which these compounds exceed pre-landfill risk estimates
and the 1.0 x 10'* increased cancer risk benchmark.

For some chemicals, noncancer hazards and cancer risk estimates for pre-landfill
conditions were also in excess of acceptable limits, although these hazards/risks were not
as high as the values found for the site. These results indicate that some portion of the
excess hazards/risks at the site may be attributable to pre-landfill conditions.

Three indicator chemicals were identified in the off-site residential well water;
cadmium, lead, and toluene. The results for analyses were examined under the potential
(chrome/lifetime) exposure scenarios (i.e., ingestion. dermal contact, and inhalation of VOCs
while showering). The hazard estimates for the off-site residential wells do not indicate any
excess hazards from cadmium, lead, or toluene for the exposure scenarios where the wells
are utilized as the primary potable water source. Comparatively, the three indicator
chemicals found in the off-site residential well water were not chemicals which presented
health hazards/risks on-site (for either existing or potential exposure pathways). These
findings may indicate that the on-site chemicals of concern are not impacting off-site
residential wells. Lead levels in the soils on the site were consistently less than 110
mg/kg. Similarly, lead levels in ground-water samples on-site were below the MCL of 0.05
mg/l. Toluene (t noncarcinogen) was not found to occur at levels associated with
noncancer health effects at the site. Cadmium levels did not contribute to increased
hazard/risk estimates (Compared to pre-landfill levels) in the potential exposure pathway
calculations.

in summary, it appears that the concentrations of compounds at the Buckeye
Reclamation site could potentially result in human health effects from both existing and
potential exposure routes. From a noncancer hazard standpoint, exposures associated with
potential future use activities involving ground water or surface water utilization are of
primary concern. However, the Agencies believe that contaminant levels in the
environmental media at the site are associated with unacceptable cancer risk estimates for
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exposures which conceivably may presently exist at the site, as well as for potential futj re
use exposure. Excess cancer risk estimates were identified for exposures to s.te soil.
ground water, and surface water. Comparison of these total hazard and career risk
estimates to pre-iandfili results indicates that the excesses are not totally attributable to
pre-landfiil conditions. For the future use scenarios, contaminants were either undetected
m the pre-landfill samples or occurred at lower levels than in the site samples.

While some exposure routes identified as potential exposure pathways may not
present risks to human populations, they may be very relevant to potential effects on the
flora and fauna at or m the vicinity of the site. The fish and wildlife in the vicinity of the
site may be affected by exposure to site contaminants. The potential for adverse effects
from contaminant uptake by fish or wildlife could be passed on to humans if they consume
fish or wildlife from the site.
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2.0 THE FEASIBILITY STUDY PROCESS

2.1 Introduction

The Feasibility Study (FS) for the BRL site develops an appropriate range of waste
management options that are screened for effectiveness, implementability, and cost, relative
to other options within the same technology type. These remedial options are developed
specifically by site media (e.g., surface water, soil, leachate, ground water). Next, the
media-specific process options are combined into comprehensive, site-wide remedial
alternatives. These alternatives are then screened in more detail for effectiveness,
implementability, and cost. During this phase of screening, options for source containment
(e.g., capping) may be compared to options for source elimination (e.g., treatment). Those
alternatives that survive this screening are then subjected to detailed evaluation based on
nine criteria derived from statutory provisions in Section l21(b)(l){A) of CERCLAx The
results of this assessment are arrayed to compare the alternatives and to identify the key
trade-offs among them. This approach to analyzing alternatives is designed to adequately
compare the alternatives, select an appropriate remedy for the site, and demonstrate
satisfaction of the CERCLA remedy selection requirements in the Record of Decision
(ROD).

2.2 Summary of Elements

This section of the report discusses each element of the FS process as an overview
and guide to subsequent sections. The first step in the FS process is to establish remedial
action objectives. These objectives were first developed during the Rl for the BRL site.
and were refined as much as possible based on interpretation of the Rl findings. Section
3.0 of this report discusses general, site-wide and media-specific remedial objectives.
These remedial objectives for the BRL site were assembled based on site characterization
data, the stipulated applicable or relevant and appropriate requirements (ARARs) developed
by EPA for the BRL site, and the findings of the site endangerment assessment, which are
each discussed in Sections 1.0 and 3.0 of this report.

After remedial action objectives are established, general response actions describing
which containment, treatment, or removal actions that may be applied to each site media
(ground water, surface water, leachates, and soils) are assembled. This step is discussed
in Section 4.0 of this report.

Section 5.0 of this report identifies potential treatment and disposal technologies for
each general response action. These technologies are screened for implementability.
eliminating from further consideration those technologies that cannot be technically
implemented at the BRL site. Also in Section 5.0. the process options that survive
implementability evaluation are subjected to a second-stage screening for implementability.
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effectiveness, and re'ative (order-of-rnagnit' jde} cost. Representative processes are chosen
for each technology type, but processes in different technology types are not compared to
one another

The surviving media-specific technologies are combined into site-wide remedial
alternatives that constitute comr sive remedial plans. The site-wide remedial
alternatives are screened basec =;rectiveness, implementability. and cost. As many
alternatives as possible are eliminated prior to detailed evaluation. This screening step is
presented in Section 5.0 of this report.

In Section 7.0 the remedial alternatives surviving screening are evaluated in detail.
based on criteria derived from CERCLA statutory provisions. This evaluation is performed
to provide the ERA decision-makers with sufficient information to compare the alternatives,
select an appropriate remedy, and meet CERCLA remedy selection requirements in the
ROD.
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3.0 REMEDIAL OBJECTIVES

3.1 Introduction

The general objectives of remedial actions at CERCLA sites are stipulated m the
National Contingency Plan (NCP). Consistent with this provision, the remedial action
objectives developed for the BRL site are intended to minimize and mitigate specific
potential threats to human health or the environment, adequately and permanently
protecting human health and the environment.

3.2 Remedial Action Objectives

The Remedial investigation at the BRL site identified the approximate concentrations
and locations of the contaminants on site. Twelve indicator chemicals were selected tn the
Endangerment Assessment (EA) as accounting for the majority of health-based risk from
the conditions at the site. These chemicals are:

• Arsenic
• Benzene

Beryllium
• Cadmium

CarDon Tetrachionde
Chromium

• 1.1-Dichioroethene
Lead
Nickel
Poiycyclic Aromatic Hydrocarbons (PAHs)
Toluene
Tncnioroethene

The remedial action goals for the site are developed for protection of human health
and the environment from the site contaminants. These goals, and the subsequent
development of response actions to satisfy these goals, must comply with the current
National Contingency Plan (NCP) and the requirements of the Comprehensive Response,
Compensation and Liability Act of 1980 (CERCLA), as amended by the Superfund
Amendments and Reauthorization Act of 1986 (SARA).

The health and environmental risks identified in the EA provide the basis for
establishing the remedial action objectives for the site.
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The EA indicates that there are three Significant exposure and contaminant parlays
existing on the site. These pathways are:

Dermal contact inhalation, ingestion of surface soils.

Migration of contaminants from surface and subsurface soils into ground
water surface water.

ingestion of contaminated ground water/surface water.

The following media, therefore, present an existing or potential threat to public health
and the environment:

Surface'Subsurface Soils
Ground Water'Surface Water

Although the subsurface soils present no current threat to human health, they are a
source for continuing ground-water contamination resulting from rainwater infiltration through
the contaminated soils and into the ground water. The contaminants of concern, the
cleanup levels for these contaminants, and the remedial action goals for the soil and water
matrices are detailed separately in the following sections.

Based upon the evidence presented in the Final Remedial investigation Report, the
water contamination problems associated with the site (both ground water and surface
••'3ter) can be addressed by remediating the surface water. The sedimentary rock that
îderlies the ridge on which the landfill and mine spoil deposits occur receives discharge

by infiltration of precipitation, largely on the outcrops on the sides of the ridge. This
complex collection of various water-bearing units present beneath the site makes
characterization of the regional ground water beneath the site difficult, at best. One aspect
of the ground-water flow that may be surmised from the data, however, is that most of the
water that enters the consolidated rocks is eventually discharged to the surface, largely
through lateral flow. The ground water, after being discharged to the surface, will be
treated along with surface water.

Additional hydrogeologic investigation will be necessary to provide further data on the
extent of ground-water contamination and to determine the potential for contaminated
ground water to discharge beyond the proposed collection drain.

Furthermore, the data in the Remedial Investigation Report suggest that local water
supplies are currently not threatened by tne site ground-water contamination, but that the
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e'evated levels of contamination m the surface water could potentially lead to
contamination in the alluvial aquifer in the Little McMahon Creek valley which is used by
local residents. The water remediation technologies tor the site will therefore focus on
surface water remediation as a means to reduce the threat posed by the contaminants
within the water matrix on the site.

The soils at the site have been contaminated with both inorganic and organic
contaminants due to the waste disposal activities and the presence of mine spoil. Soil
samples collected during the Rl indicate that soil contamination by both organic and
inorganic constituents exists throughout the site. The compounds that present the most
serious health risks in the soil consist mainly of inorganics from the landfillmg practices and
mine spoils.

\^f
The population potentially at risk via dermal contact, ingestion, or inhalation of the soil

at the site consists of those people who trespass onto the site, and those who work on the
site. Local neighboring residents can currently enter the site at will as access to the site is
not restricted.

The EA identified arsenic, beryllium, and poiycycltc aromatic hydrocarbons (PAHs) as
having an excess cancer risk of above the 1 x 10* level. Existing pathway site health
risks for the soil matrix includes a maximum excess cancer risk of 1.04 x 103 (for Dirt
Bike/Trespassers Exposure Scenarios) and the potential pathway risk upon development of
the site poses an additional maximum excess cancer risk of 4.52 x 10*.

The remedial action goal for the soil on the Buckeye Reclamation site is. therefore, to
provide protection of public health and the environment. This can be accomplished by
limiting direct physical contact with the contaminated soil to reduce the threat of dermal s-*/

contact, inhalation, and ingestion of soils. In addition, the remedial action goal for the soil
at the site includes addressing the potential for contaminated soil to act as a source for
future ground-water contamination. This goal is of utmost importance because the
probability of off-fit* migration of the contaminants from the soil to ground water and
eventually to surface water.

The population potentially at risk from the contaminated surface water are those local
residents using the underlying alluvial aquifer in the Little McMahon Creek valley as their
water source in the vicinity of the site. Although sampling from surrounding private wells
revealed no contamination attributable to the site, sampling of the surface water in Kings
Run revealed the presence of several inorganic contaminants that exceed Federal drinking
water standards. These maximum contaminant concentrations and respective Water Quality
Criteria (WOC) ,for Discharge to Surface Water Near a Potable Water Intake are as follows:
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Water Qua .ty Crtena for
Discharge to Su^ace Water

Maximum Site Concentration near Potabie Water Intake
Chemical (mg:l) (mg.l)

Arsenic
Beryllium
Lead
Nickel
Chromium

9.2 x 10 :

1,1 x 10:

0.118
0.454
1.0 x 10'

2.5 x 10!

39 x 10s

5.J x 10*
1.5 x 10:

8.0 x 10"

The EA revealed a maximum concentration increased cancer rate of 1.5? x 10" for
existing surface water exposures, and a maximum concentration increased cancer rate for
potential exposures of 2.56 x 10"J. These high excess cancer rates for potential exposures
to the surface water matrix are primarily from arsenic and beryllium contamination. In
addition to the carcinogenic risk, a noncarcmogenic risk factor in excess of 1.0 (i.e., having
a significant noncarcmogenic risk) was identified for both the average site surface water
sample concentrations for potential exposures (risk factor * 1.31) and maximum site
surlace water concentrations (risk factor » 5.69). These noncarcmogenic risks are due
primarily to arsenic and chromium contamination.

The acid mine drainage aspects of the site further complicates the overall site
contamination problem. Acid mine drainage is the natural by-product of the oxidation of
iron m the mine spoil that is found throughout the site. The acidity of the waste stream
not only produces a low pH leacnate whi: >s detrimental to the environment in itself: but
also the acidic leachate acts as a strong .-ent that mobilizes many contaminants in the
soil that would normally oe stable in a ne-"3l environment. Kings Run is currently at a pH
of approximately 3.0: this must be brought ;o a more neutral value (7.0) to be more
compatible with aquatic life. *

Based on the acove conditions, the remedial action goal for the surface water at the
Buckeye Reclamation site is to restore the surface water to a useful, less threatening state
by reducing the levels of the contaminants present. The proposed target cleanup level
goals are to achieve ARARs for surface water cleanup, as well as to achieve a hazard
index of <1.0 and an overall increased cancer risk of <1 x 10'*. The physical parameter of
pM of the surface water must also be addressed to benefit the environment: a more neutral
pH range of 6.0 to 8.0 will oe the coal for surface water leaving the site.
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3.3 Potentially Applicable or Relevant and Appropriate Requirements
(ARARs)

Section 121 (d) of CERCLA. as amended by the Superfund Amendments and
Reauthonzation Act of 1986 (SARA), requires that fund-financed, enforcement, and federal
facility remedial actions comply with requirements or standards under federal and state
environmental laws. The requirements that must be complied with are those that are
applicable or relevant and appropriate to the hazardous substances, pollutants, or
contaminants at a site, or to the circumstances of the release. Compliance is required at
the completion of the remedial action for hazardous substances, pollutants, or contaminants
that remain on site.

The three classifications of potential ARARs are chemical specific, action specific, and
location specific which are addressed, respectively, m Sections 3.3.1, 3.3.2, and 3.3.3. "To
be considered" criteria (TBCs) are included with the ARARs for each classification.

3.3.1 Chemical Specific ARARs

Chemical specific requirements are used to set concentration limits or discharge
limitations in various media for specific hazardous substances, pollutants, or contaminants.
Appendix A contains potential chemical specific ARARs and TBCs for water including the
final maximum contaminant levels (MCLs) for drinking water, proposed MCls, maximum
contaminant level goals (MCLGs). secondary MCLs. ambient water quality criteria (AWQC)
for surface water, and health advisories for drinking water. However, ERA may establish
site specific exposure-based alternate concentration limits (ACLs) where the ground water
cannot be used for drinking because of naturally occurring widespread contamination or
where cleanup is not practicable and where the circumstances fulfill the conditions of ^
CERCLA Section l2l(d)(B)(ii) (U.S. ERA. 1988; CERCLA Compliance with Other Laws
Manual at page xviii).

3.3.2 Action-Specific ARARs

Action-specific requirements generally set performance, design, or other similar
controls or restrictions on particular activities related to management of hazardous
substances or pollutants. An example of an action-specific requirement is the performance
standards for incineration of hazardous waste in RCRA Section 264.343. RCRA provides
the largest number of action-specific requirements because it is the statute directed toward
hazardous waste management. Potential action-specific requirements for Buckeye
Reclamation Landfill are contained in Appendix A. These action-specific requirements do
not determine the remedial alternative but do determine how a selected alternative must be
achieved.
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3.3,3 Location-Specific ARARs

Location-specific requirements are design requirements or activity restrictions based
on the geographical or physical position of the site and its surrounding area.
Location-specific requirements might co^e from RCRA location requirements, 40 CFR
Part 6 Subpart A, that set U.S. ERA pc..cy for carrying out provisions of Executive
Orders 11988 (Flood Plain Management) and 11990 (Protection of Wetlands). Potential
location-specific requirements for Buckeye Reclamation Landfill are contained in
Appendix A.

3.4 Remediation Objectives

Remediation objectives for the C~L site address the site problems discussed in
Section 3.2. Consistent with the ger ii remedial objectives tor CERCLA actions, the
media-specific response actions are r ~nded to mitigate possible threats to human health
and the envonment which were characterized in the Rl and EA. As noted in Section 3.2.
exiv -g or pv'entiai threat? to aubhc health and the environment exist for ground water
wh emerges as surface water, and contact with surface and subsurface soils to which
the . jDhc mignt be exposed. The media-specific remediation objectives are presented and
disc, ssed below.

3.4.1 Ground Water

3.4.1.1 On Site

Response actions for site water-bearing zones are intended to maintain and or attain
acceptable concentrations of contaminants emanating from the Waste Pit or the general
landfill in the ground water and eventually discharging to surface water. This objective can
be achieved by permanently immobilizing contaminants m the Waste Pit and fill area via
minimizing recharge to ground water, and by controlling discharge of ground water to
surface water.

3.4.1.2 Off Site

Response actions for off-site ground water, specifically the domestic wells
downgradient of the site and Howard Spring, are linked to those for on-site ground water in
that by controlling releases of ground water to on-site surface waters, the possibility of
contamination in the domestic wells near the site by contaminants emanating from the site
will be significantly reduced or eliminated.
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3.4.2 Surface Water

Response actions for Kings Run are intended to maintain and or attain acceptable
concentrations of contaminants attributable to the Waste Pit or general landfill in the water,
thereby restoring the surface water to a useful, less threatening state by reducing the levels
of contaminants present. This objective is linked to those for on-site ground water and
leachate seeps (below) in that by controlling releases to surface water from the landfill,
contaminant levels in surface water will be reduced.

3.4.3 Leachate Seeps

Response actions for site leachate seeps are intended to attain acceptable
concentrations of contaminants attributable to the Waste Pit or general landfill entering
surface water. This can be achieved via containment measures (e.g., capping), which
minimize leachate generation by controlling water infiltration, and by collection and
treatment of the existing surface leachates until they dry as a result of capping and
reduction of recharge.

3.4.4 Soils

3.4.4.1 Waste Pit

Response actions for the Waste Pit soils contaminated at a depth of 12 feet and
below are intended to permanently immobilize contaminants contained in the pit via
containment measures, which would eventually lower the water table below the pit, or
source elimination (i.e.. excavation and treatment of solids). These actions would also
significantly reduce or eliminate the possibility of contaminants entering the ground water
and hence to surface water, and in leachate seeps.

3.4.4.2 Landfill Soils

For soils in the general municipal landfill area, response actions are intended to
provide protection to public health and the environment by limiting direct physical contact
with the surficial soils thus reducing risks due to dermal contact, inhalation, and ingestion.
and to immobilize contaminants contained in the landfill via containment measures. EPA
de-emphasizes remedies involving treatment of large municipal landfills, which generally
have large volumes of low concentration wastes, because treatment may be prohibitively
expensive or difficult to implement (EPA. 1988). Therefore, these two remediation
objectives can be accomplished effectively by containment (capping).
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4.0 DEVELOPMENT GENERAL RESPONSE ACTIONS

General response actions are medium-specific groups of remedies which a^e
assembled to meet the remedial action objectives at the site. The genera! response
actions for the Buckeye Reclamation site, along with the remedial technologies which
compose the response actions, are developed and listed separately for the soil and water
matrices below.

The remedial objective for the soil is the protection of public health and the
environment by limiting contact with the contaminated soil. General response actions were
developed primarily to limit direct contact with the contaminated soil, in addition, the
general response actions and technology types for the soil are developed to assist m
meeting the remedial action objectives for ground water and surface water. Other
contaminants in the soil (e.g.. metais and acidic leachate) may act as a source for future
surface water contamination.

The remedial act'on objective for surface water is the protection of public health and
the environment by remediating contaminated surface water. This can be accomplished by
developing and utilizing general response actions that control or eliminate surface runoff,
surface leachates. and ground water entering surface water. At the BRL site, the general
response actions and technology types intended to achieve the remedial objectives are
linked m that implementation of one technology type for one medium will contribute to
remediation of another medium.

These resoonse actions are presented tn greater detail in Table 4-1 for each
environmental medium and remedial objective.
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5.0 SCREEN GENERAL RESPONSE ACTIONS REMEDIAL TECHNOLOGIES

5.1 Introduction

The objectives of the technology screening process are to eliminate the mfeasibie
technologies and process options from the master list of General Response Actions
presented in Table 4-1. and to select the most viable process option from each technology
group, if possible. The selected process options will then be combined to form potential
remedial alternatives for the site.

The screening and evaluation of process options was performed in two phases. The
first phase consisted of identifying the universe of potentially applicable process options and
technology types, and evaluating these options with respect to technical implementabiiity.
During this screening phase, options were evaluated based on site characteristics,
contaminant types and concentrations, and technology constraints. Those options that
could not be effectively implemented at the site were screened out from further evaluation.

The second phase consisted of further evaluating the options that were considered to
be implementabie based on the first evaluation and screening phase. Witnin each
technology type, the effectiveness, cost, and implementabiiity of the ootions were further
evaluated and compared to one another. Emphasis was placed on t; e effectiveness of the
options. Where possible, one representative option was selected for further evaluation from
each technology type. In addition, technology types within a general response action were
compared to each other.

The following sections present the screening and evaluation of process options for
each media (i.e., ground water, surface water, surface teachate seeps, and soils) at the
BRL site. For each media, the scope of remediation, phase one screening and phase two
screening are discussed. The technology evaluation for the surface leachate seeps
includes a more detailed discussion of treatment options for combined leachate and
ground-water flows.

5.2 Ground Water

5.2.1 Scope of Remediation

Ground water at the site moves downgradient to the southeast, eventually discharging
into Kings Run. Remediation involves measures to reduce infiltration to ground water,
measures to extract and treat ground water, and/or measures to intercept and treat ground
water before it discharges into Kings Run.
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5.2.2 Phase One Screening

Remedial technologies and process options identified for the general response actions
for ground-water remediation are presented in Table 5-1. During phase one of the
screening process, these technologies and options were screened with respect to their
implementability at the BRL site. Most of the technologies and options initially identified
were eliminated from further consideration because site conditions, such as fractured
bedrock water-bearing zones, low hydraulic conductivity in the bedrock water-bearing zones,
and the heterogeneity of the mine spoil water-bearing zone, limited the feasibility of
collection and in situ treatment of ground water. Control on the discharge of ground water
to surface water can be implemented by collection drams along Kings Run, however.
Table 5-2 summarizes those remedial technologies and process options remaining after the
phase one screening was completed.

5.2.3 Phase Two Screening

The ground-water remedial technologies and process options remaining after the
phase one screening were evaluated in greater detail during phase two screening. These
technologies and options were screened with respect to their effectiveness, implementabiiity.
and cost relative to other process options within the same technology type, with emphasis
on effectiveness, as shown on Table 5-3. Cost was used as a screening criterion only if
process options within a technology type had equivalent degrees of effectiveness and
implementability. Based on this screening, deed restrictions, on-site and off-site
ground-water monitoring, containment by capping, and collection by subsurface drains
remained as potentially applicable process options, as shown on Table 5-4.

5.3 Surface Water

Along its course. Kings Run receives discharges of ground water from the landfill
area, teachates from surface seeps, and runoff from the general landfill during storms.

The Endangerment Assessment for the site showed that Kings Run surface water
posed a potential future risk to human health by ingestion but the pre-landfill condition,
represented by the upstream sampling station on Kings Run, did not pose a significant risk.
Therefore, contamination of Kings Run to levels posing significant risk is caused by
discharges from the site through the pathways noted above.

Remediation of ground-water discharges to surface water is discussed in Section 5.2.
coupled with remediation of surface leachate seeps (Section 5.4) and remediation of the
surficial soils (Section 5.5} that contribute contaminants will achieve the remedial objective
for surface water in Kings Run. No separate remediation of Kings Run is required.
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AILS H. IDENTIFICATION AND PHASE CNE SCREENING Cf PROCESS CPTlCNS FOR SITE GROUND
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*Sote: Additional hydroo*olo?ic information gathered during prt-dtsigr. studies
nay d«t«rrin« that extraction wells or other ground-water collection
technologies are necessary for collection of contaminated ground water.
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TABLE S-l SUMMARY OF PROCESS OPTIONS REKUlNING AFTER PHASE ONE SCREENING
GROUND WATER
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TABLE S3. PHASE TWO SCREENING OF PROCESS OPTIONS FOR SITE GROUND WATER
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TA§1£ 5-4. SUMMARY OF PROCESS OPTIONS REMAINING AFTER PHASE TWO SCREENING FOR
GROUND WATEfl
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5.4 Surface Leachate Seeps

5.4.1 Scope of Remediation

Surface leachate seeps discharge from the site into Kings Run either directly or
during storm runoff events. In order to achieve the remedial objective for surface water.
leachate seeps must be controlled at least until other measures such as capping and
ground-water collection (Section 5.2) successfully dewater the site causing the surface
leachate seeps to dry.

The leachates sampled during the Remedial Investigation that require remediation are
L-1 and L-2 located in the vicinity of the Waste Pit, L-5 located north of the landfill draining
into the impoundment, and L-4 located at the southern toe of the landfill. Leachate seeps
L-3 and L-6 do not originate from the landfill and do not discharge into Kings Run and.
therefore, do not affect the quality of Kings Run during either baseflow or stormfiow. it
should be noted that L-5 is considered to be representative of pre-iandfill conditions at the
site: nevertheless, control on the discharge of L-5 is needed to achieve the remedial
objective for Kings Run. Other site-derived leachate seeps that may be discovered during
remedial design remedial action (RD/RA) will also be remediated.

The primary constituents of concern are heavy metals, to a lesser extent, volatile
organic compounds present in leachates L-1 and L-2. and low pH. These surface leachate
seeps are the most significant of the known seeps at the site and form the basis for
evaluation and costing of remediation for this medium. Provisions for control of new seeps,
should they occur, will be addressed during design.

5.4.2 Phase One Screening

The general response actions selected for surface leachate seeps are (1) no action.
(2) institutional actions, and (3) collection, treatment, and discharge. Remedial technologies
and process options for these general response actions were identified and evaluated with
respect to technical implementability. Table 5-5 summarizes the screening of leachate
process options for the BRL site.

The "no action" option was considered as required by the National Contingency Plan
(NCR). However, the "no action" option does not attain the remedial action objective for
surface water.

As "institutional actions", access restrictions include deed restrictions to the property
to limit or eliminate possible use or development of the site, and fencing around the
leachate generation points and pathways. Monitoring involves measuring contaminants of
concern or water quality parameters.
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TABLI 3-5. IDENTIFICATION AND PHASE ONE SCREENING OF PROCESS OPTIONS FOR SURFACE LEACHATE S E £ P S
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Under the "collection, treatment, and discharge" general response action, various
collection, treatment, and discharge options were considered. Only holding basins were
found to be technically feasible. For the treatment of these leachates. on-site chemical,
physical, and biological process options as well as off-site treatment options were
considered.

Among the on-site chemical processes evaluated were reduction, oxidation,
precipitation, neutralization, and ion exchange processes. Reduction was eliminated from
further consideration because the polyvalent heavy metal contaminants would already be in
a reduced state at the pH of the leachates (i.e., iron is expected to be present as ferrous
ion, and manganese is expected to be present as manganous ion). Oxidation was
eliminated from further consideration, because it is not applicable for the treatment of heavy
metals. Neutralization (pH adjustment) and precipitation are retained as potentially
applicable processes, used together, for removal of heavy metals from leachates and
ground water.

Ion exchange involves passing the contaminated solution through a bed of resin to
exchange the heavy metal ions in the solutions with the ions in the resin bed. Strong
amon exchange resins have been found to be applicable for the treatment of heavy metals,
in addition, the ion exchange process may be applicable for the treatment of some organic
contaminants.

Among the on-site physical treatment processes evaluated, oil/water separation
process was eliminated because the waste stream is a single aqueous phase; the
liquid-liquid extraction was eliminated because it is not effective for removal of heavy
metals: and settling was eliminated as an independent process because it is not applicable
as a stand-alone process for the removal of heavy metals. However, settling may be
considered as a post-treatment process associated with heavy metal precipitation (for the
separation of heavy metal precipitates from the supernatant liquid). Air stripping, steam
stripping, and carbon adsorption processes were eliminated as not applicable to removal of
heavy metals. Reverse osmosis is potentially applicable for removal of heavy metals and
some organics.

For the on-site biological trec"~ent processes, aerobic and anaerobic treatments are
not applicable to heavy metals removal and were rejected. Wetlands have been used
successfully by the mining industry to remove heavy metals by precipitation, settling, and
adsorption; this process option was retained.

POTW and RCRA facilities were considered for off-site treatment but were rejected
due to the fact that large volumes of water would have to be transported tens to hundreds
of miles to implement this option.
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For the discharge of the treated leachates and ground water, the on-site discharge
options evaluated include discharge to the local stream (i.e.. Kings Run), and on-stte
injection. Discharge to Kings Run is potentially applicable, but on-site injection of the
treated water is contrary to this general remedial objective of dewatering the landfill Piping
of the treated leachate to the Little McMahon Creek is potentially applicable if the leachates
are treated on site. Discharge of the leachate to a surface body after treatment was
rejected as no suitable water body is located within a reasonable distance from the site.

A summary of the process options remaining after phase one screening is presented
in Table 5-6.

5.4.3 Phase Two Screening

To develop remedial alternatives, the process options were evaluated in greater detail W1

before selecting one or a few processes to represent each technology type. This
evaluation was performed using effectiveness, impiementability, and cost as criteria. The
analysis is presented in Table 5-7 and discussed below.

Collection by a storage basin is retained in the collection, treatment, and discharge
response action. Collection of leachates (and ground water) in a holding basin or wetland
is effective, impiememable at the site, and relatively low cost.

in comparing chemical treatment options between chemical precipitation and ion
exchange processes, the chemical precipitation process is more effective for the treatment
of concentrated heavy metals solutions than the ion exchange process and at a lower cost,

implementation of the reverse osmosis process at the BRL site would prove to be
difficult and expensive because leachates contain high concentrations of cations and anions
as well as organics. which may frequently foul the membrane. The reverse osmosis
process, if implemented, would also generate more concentrated solutions possibly requiring
further treatment before disposal or off-site disposal at a RCRA facility. Furthermore, this
process has high capital and O&M costs compared to chemical treatment processes of
equal effectiveness. Reverse osmosis was eliminated from further consideration.

Wetland treatment should prove to be effective, relatively easily implemented, and of
moderate cost assuming sufficient land area of low slope can be obtained.

For the disposal of the treated leachates at the site, discharge to Little McMahon
Creek is more readily implementable and most cost effective since all discharge could be
gravity fed. Discharge to Kings Run would probably require a more costly pipeline and lift
station.
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A summary of the process options remaining after phase one screening is presented
m Table 5-8

5.5 Soils

5.5.1 Scope of Remediation

The landfill, including the Waste Pit, covers an area of approximately 50 acres at the
site. As described in Section 1.3. municipal wastes were disposed in the landfill, industrial
sludges and liquids were disposed of in a 5-acre depression (the Waste Pit), and mine
spoil was used for daily cover throughout the 50-acre landfill. Portions of the landfill and
the Waste Pit area have been capped usinr 'ocal clay and soil. The surftcial soils of the
area pose a potential future risk from dust . -alation. and the potential exists for
contaminants to be leached from the landfill and Waste Pit to ground water. The remedial
objectives for the landfill. Waste Pit, and surrounding area are to limit public exposure to
surficiai sons and to prevent future leaching of contaminants.

The Waste Pit consists of mine spoil, silt, garbage, oil. and clay. Samples collected
from borings withm the Waste Pit indicated that volatile organic compounds, semivoiatiie
organic compounds, and metals were all present within the Waste Pit. However, the
materials m the Waste Pit are not distributed in a homogeneous manner, and the
contaminant concentrations vary significantly throughout the Waste Pit. in general, the
permeability of the materials in the Waste Pit are low. The Waste Pit intercepts the
Wegee limestone, and Waynesburg coal water-bearing zones. A majority of the material
around the Waste Pit is mine spoil and fractured bedrock.

in general, the landfill outside the Waste Pit consists of a heterogeneous mixture of
municipal garbage and mine spoil. Samples of the landfill soils indicated low
concentrations of volatile organic compounds, low concentrations of semivoiatiie organic
compounds typical of pre-landfill conditions, and heavy metals typical of pre-iandfill
conditions. The landfill soils are underla • by mine spoil, virgin soil, and fractured bedrock.
The depth of the landfill soils >s approximately 10 to 50 feet.

5.5.2 Phase One Screening

The remedial technologies and process options associated with general response
actions for the Waste Pit and landfill soils were identified as shown on Table 5-9. Those
technology types related to containment of ground-water flow (vertical barriers and
horizontal barriers) were discussed and rejected in Section 5.2. Those technology types
are not considered in this section.
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During phase one of the screening process, these technologies ana opt.ors were
screened with respect to their impiementaDility at the BRL site. Many of the technologies
and options initially identified were eliminated from further consideration because v- site
conditions, such as the fractured bedrock zones, low permeability of the bedrock zones.
and heterogeneous nature of the mine spoil and landfilled materials, limited the feasibility of
certain options; 2) specific options were not technically feasible for the type and range of
contaminants in the soils: and 3} some options had not been proven on a large scale for
the types and concentrations of wastes in me soils. Some of the remaining options were
potentially applicable only when used in conjunction with other options. Details for each
process option are presented on Table 5-9. Table 5-10 summarizes those remedial
technologies and process options remaining after the phase one screening was completed.

5.5.3 Phase Two Screening

The remedial technologies and process options remaining after the phase one
screening for Waste Pit and landfill soils were evaluated in greater detail in this second
phase. These technologies and options were screened with respect to their effectiveness.
impiementabihty, and relative cost as shown on Table 5-11. Particular emphasis was
placed on each option's effectiveness. During this screening process, options and
technologies were compared to each other to evaluate their relative effectiveness,
implementability. and cost.

Based on this evaluation, all the thermal destruction options were eliminated from
further evaluation based on a comparison with other on-site soil treatment options for the
reasons provided on Table 5-11. Table 5-12 summarizes tnose remedial technologies and
process options remaining after phase two screening.

5.6 Summary of Screening Results for All Environmental Media

The general response actions, remedial technologies, and process options which
passed Phase II screening are summarized in Table 5-13 with a brief description of each
process option as it would be applied to the BRL site.

The "No Action" and "Institutional Action" apply to ail environmental media and are
carried through to detailed evaluation.
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Remedial technologies and process options for soils consider a treatment tecnrc-ocy
(solidification stabilization) applied to the Waste Pit below the surface, which may be
distinguished as a separate potential source of contamination, and containment by capping
of the entire landfill (including the Waste Pit) and the surrounding soils sufficient to prevent
public exposure to the soils and to reduce infiltration, and to prevent contamination of
surface water (Kings Run) by storm runoff. Two capping options will be considered
representing extremes in technical requirements and cost; a full RCRA cap over the
50- acre landfill and surrounding soils and a standard landfill cap meeting Ohio
Administrative Code (OAC) requirements for regular landfill closure over the 50-acre landfill
and surrounding soils. The extent of the cap over the surrounding soils will be determined
from the standpoint of 1) that required to prevent recharge to on-site ground water, or 2)
that required to restrict public exposure to surficial soils, whichever is more extensive.

The thickness of cap required on the 50-acre landfill is fixed at a minimum by the
State ARAR (OAC requirements for landfill closure) at 2 feet of compacted clay. 1-foot of
sand for drainage, and 2 feet of top soil to support vegetative cover. The thickness of cap
in areas outside the landfill is constrained by the remedial objectives to significantly reduce
or eliminate recharge to ground-water bearing zones and restrict public exposure. The
thickness of cap required in areas outside the 50-acre landfill will be evaluated during
design.

Protection of the Kings Run watershed will be achieved through an integrated network
of trench drains and collection at surficial discharge points (leach ate seeps). Remedial
technologies and process options for ground-water remediation include containment by
capping which is accomplished by the containment options for soil remediation, and
collection by subsurface drain (French Drain) installed along Kings Run at least at those
portions where the Remedial Investigation showed Kings Run to be a gaining stream.
Collected ground water would be routed by gravity and combined with flows collected m the
surface leach ate collection system for common treatment. Ground water near the southern
end of the landfill appears to emerge as a major surface leacnate seep and will be
collected at the point of emergence (Leach ate L-4). The Agencies' primary objective is to
prevent discharge of contaminated waters, either ground water or leachates, from the
landfill. The Agencies believe that a french drain would be the most effective and reliable
means of intercepting liquids emanating from the landfill. This specifics of the leachate
collection system will be resolved during remedial design. During pre-design, ground-water
levels along Kings Run will be monitored seasonally to fully characterize flow conditions.
and the design of the French drain system will be modified as needed.

Surface leachate seeps which currently drain toward Kings Run will be collected by
installing perforated pipe at each such seep studied during the Remedial investigation
(specifically, Leachates L-1, L-2, L-4, and L-5). Flows will be routed by gravity and
combined with flows from the French Drain system for common treatment near the
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southern end of the landfill and discharge of treated water by gravity to Little
Creek. Other site-derived leachate seeps that may be discovered during RO RA activities
will also be remediated.

Options for treatment of the combined ground water and surface leachate flows
include chemical treatment by neutralization and precipitation, and treatment in an on-site
wetland. Both options will be carried through tc detailed evaluation.

The remedial objectives for surface water in Kings Run will be accomplished by
implementation of remedial action in the sources of surface water contamination. NO
separate remediation of Kings Run will be required.

1022V 0'C. tjCKeVB_e5.NS.SftS 64



6.0 DEVELOPMENT OF REMEDIAL ALTERNATIVES

6.1 Introduction

in assembling remedial alternatives, Versar combined general response actions and
the process options chosen to represent the various technology types for each medium (or
operable unit) to form viable, potentially effective site-wide remedial plans. Alternatives are
developed and assembled to be consistent with the set of remedial action objectives
specified for media at the BRL site. Also, the alternatives address the Known interactions
between site media (e.g.. soil, ground water, leach ate) in identifying contaminant sources or
effects possibly requiring remediation.

Each remedial alternative assembled for the BRL site includes site institutional
actions. These measures may include implementing deed restrictions on site property, or
installing fences to restrict access to specific affected areas of me site or both. Access
restrictions serve to limit or prevent direct contact with possibly hazardous or toxic material!"

For each designated Alternative 1 through 4, various process options are combined
into comprehensive, site-wide remedial plans. Process options that survived screening are
presented in the following categories:

Soil Remediation. This process option pertains to the Waste Pit and landfill
surficial soil and surrounding areas as required by the ARARs (standard
landfill cap or RCRA cap),

Ground-Water Remediation. This process option pertains to the containment
and collection (underdrain and French drains) as well as treatment
(physical/chemical approach or biological method) and off-site discharge.

Surface Leachate Seep Remediation. This process option pertains to the
containment and collection (French drains) as well as treatment
(physical/chemical approach or biological method) and off-site discharge.

The various process options that comprise the site-wide remedial alternatives are
discussed in greater detail below.

6.1.1 Description of Institutional Actions

The institutional actions selected in developing the remedial alternative for the BRL
site include fencing, deed restrictions, ground-water monitoring, surface leachate seep
monitoring, and monitoring of Kings Run.
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Fencing prevents unauthorized access to the site and deed restrictions limit ownership
to the site. Consideration of these two options is intended to limit or eliminate the number
of people who may get m contact with and potentially exposed to hazardous wastes at the
site.

Ground-water monitoring consists of the monitoring of on-site wells and domestic
wells as specified within each remed;? alternative. The number of wells to be monitored
and the duration of monitoring activ;t~ varies depending upon the other options proposed
for the remedial alternative. Specific sampling freouencies will be determined during
RD/RA activities. Sampling frequencies cited in f PS Report are for cost estimating
purposes only. For the remedial options that inc L capping of recharge areas
surrounding the Waste Pit, it is estimated that 9 • -site wells would be monitored
semiannualiy for 5 years, and 12 on-site wells and 2 domestic wells would be monitored
semiannuaiiy for 30 years. This estimate is based on the assumption that within 5 years
of the cap installation. 9 of the on-site wells would no longer yield water. For costing the-,
other remedial alternative, it was estimated that 23 on-site wells and 2 domestic wells -
would be monitored semiannuaiiy for a 30-year period. Both the number of wells, and
sampling periods will be determined during remedial design (RD).

Four ieachates (1-1, L-2, L-4. and 1-5) would be sampled three times per year, twice
under dry conditions and once under wet conditions. In alternatives involving capping
recharge areas surrounding the Waste Pit, L-1 and L-2 are assumed (for costing purposes
only) to be dry in 5 years or less. Samples will be analyzed for volatile and semivolatiie
organic compounds and heavy metals. Other site-derived Ieachates that may be
discovered during RD/RA activities will also be sampled.

Costing for the surface water -onitoring option considers that the surface water in
Kings Run would be monitored at £ stations (including a background station) 3 times a
year for a 30-year time period. Monitoring results would provide information about site
conditions and. when applicable, an indication of the effectiveness of remedial options for
other media at the site.

6.1.2 Description of Options for Landfill Soils

Two process options remain for the general response action of containment of the
Waste Pit and landfill soils. One option is to construct a cap meeting the RCRA cap
design; the other is to construct a cap meeting the OAC standard landfill cap design
requirements. Both designs would also include capping of ground water recharge areas to
the Waste Pit from its surrounding soils. The two capping options are slightly different in
design. The RCRA Cap (Figure 6-1) covers a larger area than the standard landfill cap
(Figure 6-2). The increased area! coverage of the RCRA cap would also require
modification in re types of drainage channels that would be required by the standard

.; S'S 66



landfill cap. It should be noted that grading requirements for both the RCRA and stancarc
landfill cap will be difficJt. or impractical to achieve for limited areas of the landfill due to
the great topographic relief present on the BRL si te-. The grading requirements presented
in the following paragraphs will serve as guidance criteria during the remedial design
process. These two process options are described below.

6.1.2.1 RCRA Cap

This option involves leaving the Waste Pit material in place and covering the solid
waste landfill area, the Waste Pit, and suspected sources of recharge for the Waste Pit
and water-bearing zones potentially in contact with it with a full RCRA cap. The purpose
of the cap would be to eliminate infiltration of precipitation through the landfilied material,
minimize human and animal contact with the landfilied material, control surface flushing of
acid-producing material to surface waters, and reduce the spread of acid-producing material
by air and water erosion. The cap would be expected to minimize contamination of
surface water runoff and the dispersion of hazardous wastes and contaminated surface soil
by wind.

The installation of a full RCRA cap would involve grading and excavation of soil and
nppabie rock, adding borrow material to excavated materials from other areas of the site to
prepare the surface bed for cap installation, capturing Kings Run in a subsurface pipe,
installing the cap materials, and placing a surface drainage system to divert surface water
runoff around the cap. A French drain and surficial leachate collection system to protect
the Kings Run watershed would also be required to compliment the cap (Figure 6-1).

Cap Design

A multi-layered RCRA cap consists of a vegetated top cover, a middle drainage layer.
and a low permeability layer. This design for a RCRA cap is recommended by the EPA.
The cap functions by diverting infiltrating liquids from the vegetated layer through the
drainage layer away from the capped material and by promoting surface water runoff. The
cap will extend to the unaffected slopes at a 5% gradient to the east, thus covering Kings
Run, and extend to the unaffected slopes to the west and north.

The U.S. EPA recommends that the vegetated top layer of the multi-layer cap have a
minimum thickness of 2 feet and consist of topsoii that can support vegetation. Freezing
and thawing cycles can greatly increase the permeability of a soil, thereby, reducing the
effectiveness of the cap. Whereas the frost line in southeastern Ohio is at a depth of
approximately 18 inches, a thickness of 2 feet will prevent frost from penetrating the low
permeability layer of the cap. A well-mixed cover of grasses and legumes such as
Kentucky biuegrass, clover, and red top and fescue will provide a dense root system to
anchor the soil and minimize wind and water erosion. Vegetation will be established by
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hydromuichmg the surface of the cap. The final top slope, after allowances for setting and
subsidence, will be between three and 5 percent.

The drainage layer is located directly below the vegetated top layer and has a
minimum thickness of 1 foot. The saturated hydraulic conductivity of this layer should not
be less than 1 x 103 cm/sec. A clean sand would be a suitable material for this layer,
infiltration is intercepted and channeled to the surface water drainage system by this layer.

A geomembrane would to be pla-?d beneath the 1-foot layer of sand. The
geomembrane is essentially impermeai; and should allow virtually no infiltration to the
materials below it. The geomembrane should have a minimum thickness of 20 mils and be
made of high density polyethylene (HOPE). Six-inch layers of bedding material no coarser
than Unified Soil Classification System (USCS) sand (SP). which is free of rock, fractured
stone, debns, cobbles, rubbish, and roots, located above and below the geomembrane. are
intended to protect the geomembrane from tears and punctures.

A low permeable soil layer with a minimum thickness of 2 feet as recommended by
the ERA would then be placed below the geomembrane sand unit. The low permeability
soil layer is designed to provide assurance of continued protection should the
geomembrane fail. The permeability of the recompacted clay or other natural materials
used m the low permeability soil layer must have a maximum value of 1 x 10'7 cm, sec as
required by 40 CFR 264, Subpart N. If suitable material for this layer is not available on
site, clay or other material may need to be imported from the local area to attain the
required permeability. The 2-foot thick, low permeability soil layer will be compacted in
six-inch lifts to maximize the effectiveness of compaction. The moisture content, placement
and spreading of the low permeability soil layer material would be monitored to insure
optimum compaction of the cap material. Quality Assurance/Quality Control (QA/QC)
testing consists of moisture-density testing of the individual lifts as they are placed, and
laboratory testing of the low permeability soil layer material permeabilities from Shelby
tubes taken in the field. QA/QC testing would also be performed on borrow pit materials
used in the construction of the low permeability soil layer.

The underlying base for the RCRA cap would consist of fill composed of excavated
mine spoil and garbage from on site and borrow material from the local area. This base
will be capable of supporting the weight of the cap without damaging the geomembrane.
The upper 1-foot of the base would be compacted in two 6-inch lifts during placement.

Design Criteria for Containing Kings Run

For the RCRA cap option, Kings Run would have to be contained in two 36-inch
diameter HOPE pipes located in the existing creek channel. These pipes would be
required to accommodate the 100-year, 24-hour storm event. A precast concrete inlet
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would regulate flow from the Northern impoundment to the pipes. Kings Run would
discharge through a precast concrete outlet at the southern toe of the cap. A riprap apron
with a median stone size of 12 inches should protect the outlet from erosion and act as an
energy dissipator by reducing the flow velocity to the existing channel. Bedding preparation
and grading has to be done before installation of the pipes in the existing Kings Run
channel. Preparation is necessary to remove rocks, stones, debris, rubbish, and minimize
any sudden slope changes.

Berms

North-south oriented berms would be constructed on the surface of the cap. The
berms are designed to control the surface water runoff on the cap, therefore minimizing
erosion.

The trapezoida' berms would be 1.5 feet high, 2 feet across the top. with 2:1 side
slopes. The berms typically consist of compacted topsoii material and are grass-covered.
The berms are designed to handle surface water runoff for a 100-year, 24-hour storm
event.

Fourteen grass-lined open channels oriented east-west would transport water diverted
by the berms down the cap slope to the drainage channels discussed in the following
paragraph. The open channels would be located approximately every 300 feet along the
cap. Channels should be trapezoidal with 2.5:1 side slopes, a base width and depth of 1
foot, and be lined with an erosion mat to minimize deterioration of the channel and to help
maintain vegetation.

Drainage Channels

Drainage channels would be installed to the north, east, and west of the cap to
collect surface water runoff from the cap and to divert the surface water runoff from the
surrounding areas away from the cap and to protect it from erosion. The drainage
channels would be designed handle only storm runoff and are designed for a 100-year,
24-hour storm event. Since the drainage channels are designed for no base flow,
hydromulching would be used to establish vegetation in the drainage channels.

The northern drainage channel should be trapezoidal with 2:1 side slopes, a 1-foot
wide base, and a depth of 1.25 feet. This northern channel would be fully lined with a
grass such as Kentucky fescue or bluegrass having a retardance factor of B. as defined by
the U.S.DA Soil Conservation Service. This channel should be designed to handle a
peak flow of 11 cfs and discharge into the Northern impoundment.
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The western drainage channel would also be fully lined with grass navmg a
retardance factor of B, however, it discharges into Kings Run at its east end. The channel
should be trapezoidal with 2.5.1 side slopes, a 4-foot base, and a deptn of 3 feet. This
channel is designed to convey a peak flow of 85 cfs.

The eastern drainage channel should also trapezoidal, but lined with geotextile filter
fabric and a 2-foot thick layer c'aded (dsc » 10 inches) riprap. The channel has 2.5:1
side slopes, a base width of 3 teet. and a depth of 2 feet. This channel is designed to
handle peak flow of 160 cfs and discharge into Kings Run.

Grass-lined waterways would be used due to their simple design, easy installation,
and low cost. The lower design flows of the northern and western drainage channels
justify the use of grass-lined channels over riprap for these reasons. The grass-lined
waterways will provide sufficient erosion protection without exceeding the maximum
permissible velocity of 4 to 5 fps 'or the grasses while conveying the storm flow, The
eastern channel would be riprapped to protect the channel from erosion during the design -•
storm flow.

The installation of a grass-lined waterway in this instance would be impractical due to
the width needed to reduce the storm flow to the maximum permissible velocity.

Quality Assurance Quality Cor-oi (QAQC1

A test cap. 50 feet by 100 feet, should be constructed to aid in the final cap design
and to identify any material and construction problems prior to final cap construction.
Moisture content, placement, and spreading of the low permeability soil layer material
should be QA/QC monitored by the contractor to insure compaction requirements are met.
QA/QC testing would consist of fill and borrow material classification, moisture-density
testing during the placement of the 6-inch lifts, field permeability testing with an
infiitrometer. and laboratory testing of permeability from Shelby tubes taken during the test
cap constrt::ion. QA/QC testing v.oud also be performed on borrow pit materials and the
geomembrar.e used in me cap construction.

Post Closure Performance

Post closure care should continue for a period of 30 years after the closure date as
required by 40 CFR 264, Subpart Q. This period may be shortened or extended
depending on the period required for sufficient protection of human health and the
environment. Post closure care involves monitoring, regular inspections of the cap for
erosion, subsidence, and/or settlement, and periodic maintenance such as repair of any
erosion damage to the cap or any of the drainage channels from surface-water runoff.
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Capping is a reliable technology for sealing off contamination from the surface
environment and minimizing infiltration of precipitation. With infiltration minimized, leac-ate
generation would be reduced. The performance of a multi-layered cap would generally be
expected to be excellent for the first 20 years of operation; after this time period the cap
should be inspected regularly. Inspections should be done at 5-year intervals. The cap is
expected to have a life of between 50 and 100 years according to the manufacturers
specifications. The HOPE pipe that would be installed under the RCRA cap has a
projected life of 30 years, according to the manufacturers specifications.

6.1.2.2 Standard Landfill Cap

This option is similar to the RCRA cap design except the final cap slopes range from
5 to 25 percent, and the cap design would not incorporate an impermeable HOPE
geomembrane. The soltd waste landfilled area, the Waste Pit, and suspected sources of
recharge for the Waste Pit and water-bearing zones potentially in contact with it will be
covered with a solid waste landfill cap (Figure 6-2). The purpose of the cap would be to
minimize infiltration of precipitation through the landfilled material, control surface flushing of
acid-producing material to surface waters, and reduce the spread of acid-producing material
by air and water erosion. The cap would also minimize contamination of surface water
runoff and the dispersion of hazardous wastes and contaminated surface soil by wind.
This alternative requires minimal cut and fill volumes and fewer cap materials.

The installation of a solid waste landfill cap would involve grading and excavation of
the perimeter embankments consisting of soil and rippable rock, adding borrow material to
excavated materials from other areas of the site to prepare the surface bed for cap
installation, establishing erosion control measures, installing the cap materials, and placing
a surface drainage system to divert surface water runoff around the north, west, and south
sides of the cap. A french drain and surficial leachate collection system are also required
to compliment the cap {Figure 6-2).

Landfill Cap Design

A solid waste landfill cap consists of a vegetated top cover, a middle drainage layer,
and a low permeability layer. This design for a solid waste landfill cap is regulated by the
Ohio Administrative Code (OAC) 3745-27-11. This cap differs from a RCRA cap in that no
geomembrane or accompanying upper and lower cushions are present. The cap functions
by diverting infiltrating liquids from the vegetated layer through the drainage layer away
from the capped material and by promoting surface-water runoff.

The vegetated top layer of the multi-layer cap should have a minimum thickness of
two feet and consist of topsoil that can support vegetation. Freezing and thawing cycles
can greatly increase the permeability of a soil, thereby, reducing the effectiveness of the
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cap. Whereas the frost line m southeastern Ohio is at a depth of approximately 18 tnches.
a topsoii thickness of 2 feet would prevent frost from penetrating the low permeability layer
of the cap. A well-mixed cover of grasses and legumes such as Kentucky bluegrass.
clover, and red top and fescue will provide a dense root system to anchor the soil and
minimize wind and water erosion. Vegetation would be established by hydromulchmg the
surface of the cap. The final top slope, after allowances for settling and subsidence,
should not exceed 25 percent as regulated by OAC 3745-27-11. The slopes should have
a final grade of between 5 percent and 25 percent.

The drainage layer is located directly below the vegetated top layer and has a
r- nimum thickness of 1 foot, as regulated by the OAC 3745-27-11. The saturated
hydraulic conductivity of this layer should not be less tnan 1 by 103 cm/sec. A clean sand
would be a suitable material for this layer, infiltration would be intercepted and channeled
to the surface water drainage system by this layer.

The low permeability layer should consist of a low permeability soil with a minimum
thickness of two feet as regulated by OAC 3745-27-11. The low permeability soil layer
minimizes the amount of infiltration to the capped material. The permeability of the
recompacted clay or other natural materials used in the low permeability soil layer should
ha^e a maximum value of 1 by *:" cm/sec, if suitable material for this layer is not
available on site, clay or other material wouic need to be imported from the local area to
ana n the required permeability.

The 2-foot thick, low permeability soil layer should be compacted in six-inch lifts to
maximize me effectiveness of compaction. The moisture content, placement and spreading
of the low permeability soil layer material would be QA'QC monitored to insure optimum
compaction of the cap material. Quality Assurance /Quality Control (QA/QC) testing would
consist of moisture-density testing of the individual lifts as they are placed, and laboratory
testing of the low permeability soil layer material permeabilities from Shelby tubes taken m
the field. QA/QC testing will also be performed on borrow pit materials used in the
construction of the low permeability soil layer.

The underlying base for the cap should consist of fill composed of excavated mine
spoil and garbage from on site and borrow material from the local area. This base should
be capable of supporting the weight of the cap. The upper 1-foot of the base would be
compacted in two 6-inch lifts during placement.

Design Criteria for Minimizing Erosion of Kinos Run

For the standard landfill cap option, erosion control measures would also need to be
taken. Erosion of the west t~ ~k of Kings Run has been observed. To protect this bank
from further damage and to preserve the integrity of the cap. the west bank would be lined
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with riprap. Kings Run would be nprapped frorr the Northern impoundment and extend
beyond the southern toe of the cap. Kings Run would then act as the eastern drainage
channel for surface water runoff from the cap for this alternative.

The flow of Kings Run would be maintained in its current channel, however, minor
bed shaping may be necessary. The channel would be lined with an 18-inch blanket of
graded riprap (dK * 20 inches) that extends approximately 7 feet up the west bank of
Kings Run, 2.5 feet along the stream bottom, and has a 2.5-foot toe-in. A non-woven
geotextile would be installed between the soil and the riprap to minimize soil movement
into or through the riprap. The riprap along the channel bottom and in the toe-in should
minimize undercutting of the riprap lining.

Berms

North-south oriented berms would be constructed on the cap. The berms would be
designed to control the surface water runoff on the cap, therefore minimizing erosion.

The trapezoidal berms would be 1.5 feet high, 2 feet across the top. witn 2:1 side
slopes. The berms consist of topsoil material and are grass-covered. The berms have
been designed to handle surface-water runoff for a 100-year. 24-hour storm event.

Grass-lined open channels oriented east-west would transport water diverted by the
berms down the cap slope to Kings Run on the east, and the drainage channels discussed
tn the following paragraph on the north and south. Fourteen channels would be located
approximately every 300 feet along the cap. Channels will be trapezoidal with 2.5:1 side
slopes, a base width and depth of 1 foot, and should be lined with an erosion mat to
minimize deterioration of the channel and to help maintain vegetation.

Drainage Channels

Drainage channels would be installed to the north and west of the cap to collect
surface-water runoff from the cap and to divert the surface-water runoff from the
surrounding areas away from the cap and to protect it from erosion. The drainage
channels would handle storm runoff and are designed for a 100-year. 24-hour storm event.
Since the drainage channels are designed for no base flow, hydromuiching should be used
to establish vegetation in the drainage channels.

The northern drainage channel should be trapezoidal with 2:1 side slopes, a 1-foot
wide base, and a depth of 1.25 feet. This northern channel would be fully lined with a
grass such as Kentucky fescue or bluegrass having a retardance factor of B, as defined by
the U.S.D.A. Soil Conservation Service. This channel has been designed to handle a peak
flow of 11 cfs discharge into the Northern Impoundment.
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The western drainage channel would also be fully lined with grass having a
retardance factor of B, however, it would discharge into Kings Run at its east end. The
channel should be trapezoidal with 2.5:1 side slopes, a 4-foot base, and a depth of 3 feet.
This channel has been designed to convey a peak flow of 85 cfs.

Grass-lined waterways would be used due to their simple design, easy installation,
and low cost. The lower design flows of the northern and western drainage cnanne s
justify the use of grass-lined channels over riprap for these reasons. The gra?s-lined
waterways would provide sufficient erosion protection without exceeding the maximum
permissible velocity of 4 to 5 fps for the grasses while conveying the storm flow.

Quality Assurance'Quality Control fQA'QC)

A test cap. 50 feet by 100 feet, should be constructed to aid in the final cap design
and to identify any material and construction problems prior to final cap construction.
Moisture content, placement, and spreading of the low permeability soil layer material
should be QA/QC monitored to insure compaction requirements are met. QA.QC testing
would consist of fill and borrow material classification, moisture-density testing during the
placement of the 6-mch lifts, field permeability testing with an mfiltrometer, and laboratory
testing of permeability from Shelby tubes taken during the test cap construction. QAQC
testing should also be performed c* borrow pit materials and the geomembrane used in
the cap construction.

Post Closure Performance

Post closure care would continue for a period of 30 years after the closure date as
required by OAC 3745-27-11. Th'S period may be shortened or extended depending on
the period required for sufficie^* votection of human health and the environment. Post
closure care involves monit: -gula- "Spections o' the cap for erosion, subsidence
and/or settlement, and penc iteni ;e such as repair of any erosion damage to re
cap or any of the drainage cn«. ..s from surface water runoff.

Capping is a reliable technology for sealing off contamination from the surface
environment and minimizing infiltration of precipitation. With infiltration minimized, teachate
generation would be reduced. The performance of a solid waste landfill cap would
generally expected to be excellent for the first 20 years of operation; after this time period
the cap should be inspected regularly for integrity. The inspections would be done at
5-year intervals. The cap is expected to have a life of between 50 and 100 years.
according to manufacturer's specifications.

76



6.1.3 Descriptions of Options for Ground Water

6.1.3.1 Ground-Water Collection

An underdrain collection system would be installed to intercept the ground water
flowing from the landfill to Kings Run and the Northern Impoundment (which feeds into
Kings Run). This system will be installed along the northeastern and eastern boundaries of
the landfill, and connected to the underdrain collection system (near monitoring wells
MW-8A, MW-9A, and MW-11A). This system would be installed below the existing grade
and discharged to a treatment system located south of the site. The specifics of the
system requirement will be determined during the remedial design phase.

For the purpose of developing remedial cost estimates, the underdrain will be
considered a 3-foot wide by 5-foot deep rectangular channel with slopes between 4 to 9
percent. A 10-inch HOPE with perforation along the top half of the pipe would be placed
inside this channel. This pipe would be placed on a 6-inch bedding of sand, covered with
1 foot of 3/8-inch (ODOT No. 8) coarse aggregate, and backfilled with topsoii. The pipe
island, and aggregate would be enveloped with a geotextile filter fabric to minimize silting m
the pipes.

For the three zones of Kings Run where a gaining stream is occurring, a French
dram system would be installed. This system would work in conjunction with the surticial
leachate collection system (see Section 6.1.4.1). The French dram would omit the topsoii
backfill; instead, the channel would be completely backfilled with the 3/8-inch coarse
aggregate and covered with the geotextile filter fabric. The length of the French dram
would match the length of the gaining stream: approximately 595 feet near MW-8A.
525 feet near MW-9A, and 825 feet near MW-11A. The design of the French dram and
underdrain collection system (i.e.. depth, width, length, and location) will depend on specific
information on ground-water flow conditions gathered during RD activities.

The perforated pipe in this collection system accommodates a flow of 495 gallons per
minute (gpm)(or 1.10 cubic feet per second). This flow is the sum of the recharge to
Kings Run from the ground water in the three areas where the French drain would be
installed and leachate flows from L-1, L-2, L4, and L5.

6.1.3.2 Ground-Water Treatment

Two options are considered for the treatment of ground water collected using the
system described above. The treatment involves a physical/chemical approach
(neutralization/precipitation) or a biological method (wetlands) to remove metals (e.g., iron,
aluminum, manganese, zinc, antimony, arsenic, and beryllium) from the ground water.
These options will be affixed to certain remedial alternatives, essentially creating
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suDaitematives. These treatment options are the same as those for the leacnates to be
discussed m detail in Section 6.1.42. The treated water would be discharged to Litre
McMahon Creek.

6.1.3.3 Ground-Water Monitoring

In addition to ground-water monitoring at selected wells (see Section 6.1.1), ground
water and surface leachate seeps collected by the underdrain system would be sampled
three times per year, twice under dry eruditions, and once under wet conditions. For
costing purposes, samples are assumea to be collected at the discharge and treatment and
analyzed for volatile and semivolatile organic compounc and heavy metals. Specific
sampling frequencies will be determined during RD'RA ^;tivities. Sampling frequencies
cited in this FS Report are for cost estimating purposes only. The effluent from treatment
would be sampled three times per year and analyzed for the same parameters as the
untreated ground-water stream. Analytical parameters for ground-water monitoring will be *
determined during RD activities and specified in the NPDES permit.

6.1.4 Descriptions of the Options for Surface Leachate Seeps

6.1.4.1 Collection of Surface Leachate Seeps

A French dram system would also be installed to collect the surface leachate seeps
(1-1. L-2. L-4. and L-5). This system will be connected to the underdrain collection system
(see Section 6.1.3.1). The leachate will be combined with the collected ground water and
discharged to a treatment system located south of the site. The leachate seeps at L-2 and
L-4 would be collected locally with a French drain and piped to the underdrain piping: the
seeps at L-1 and L-5 would be collected locally with a French drain directly above the
underdrain piping and should not require any additional piping.

The French drain design would be similar in design to those used for the collection of
ground water at tne three locations of paining stream, only their size would be limited to be
3 feet square by 5 feet deep. The p:-? to be used to transport the leachates L-2 and L-4
to the underlain system are HOPE p.-.: installed on a 6-inch bed of sand ana backfilled
with borrow material. The pipes should be placed on slopes of 4 to 9 percent with the
exception of the pipe for L-2 where a slope near 29 percent will be required on the eastern
side of the landfill. Expected flow rates for various surface leachate seeps are as follows:
L-1: 1.5 gpm, L-2: 1.5 gpm, L-4: 100 gpm, L-5: 20 gpm. Description of the underdrain
collection system is provided in Section 6.1.3.1.
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6.1.4.2 Treatment of Surface Leachate Seeps

Two options are considered for the treatment of surface leachate seeps collected, the
system described above and m Section 6.1-4.1. The treatment involves a physical chemical
approach (neutralization/precipitation) or a biological method (wetlands) to remove metals
(e.g.. iron, aluminum, manganese, zinc, and antimony) and contaminants of concern from
the surface leachate seeps. These alternatives will be affixed to certain remedial
alternatives, essentially creating subaJternatives. Descriptions of these two treatment
options follow.

6.1.4.2.1 Neutralization/Precipitation (Option A)

The underdrain collection system would discharge directly into an aeration pond
where the carbonates and bicarbonates in the leachates (and ground water) are aerated.
Aeration of carbonates and bicarbonates should reduce the lime requirement for
precipitation and also reduce the amount of sludge generated from precipitation, in
addition, aeration would remove any volatile organic compounds present in the surface
leachate seeps (and ground water).

The aeration pond has been designed- to have a 30-minute residence time for an
influent stream of 495 gpm. The basin would have a depth of 5 feet and cover an area of
400 square feet.

Construction of the aeration pond should allow a freeboard of 1 foot. A 1-foot clay
liner of compacted clay overlain by a geomembrane liner would make up the bonom of the
pond. The geomembrane should minimize the collected water from leaching from the
pond. The clay liner provides an assurance of continued protection should the
geomembrane fail. An underdrain system would be constructed under the clay liner of the
pond for the purpose of collecting any leachate from the pond.

The water from the aeration basin would then be transferred to a settling basin
through a channel, where a lime slurry would be added. The hydrated lime system would
receive, store, and feed the hydrated lime to the channel. The system consists of a
storage silo to store the powdered hydrated lime, a variable screw feeder to introduce
powdered hydrated lime into the slaker at the desired rate, a lime slaker where the lime .
slurry would be prepared by mixing the hydrated lime with water, and a lime slurry storage
tank, pumps, and control system. The system should be able to handle an average of 2.1
tons per day of hydrated lime (on a dry basis).

The settling pond should have a 2-day residence time to allow settling of the metal
hydroxides, calcium sulfate formed from reaction between the lime feed and sulfates in the
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water, and suspended total solids. The settling pond v. ,_'d have a depth of 10 feet and a
freeboard of 5 feet. The settling pond would cover an area of 0.44 acre.

A 1-foot day Imer of compacted clay overlain by a geomembrane liner will make up
the bottom of the settling pond. The geomembrane will minimize the collected water from
leaching from the pond. The clay liner provides an assurance of continued protection
should the geomembrane fail. An underdrain system will be constructed under the clay
liner of the pond for the purpose of collecting any leachate from the pond.

The treated water from the settling pond would discharge into Little McWahon Creek
through a riprap-lined channel. The riprap-lined channel would be trapezoidal with side
slopes of 2.5:1, a base width of 1-foot, and a depth of 5 feet.

Moisture control placement, and spreading of the aeration and settling pond materials
should be QAOC monitored to ersure compaction requirements of the pond materials are ..
met. QA'QC testing should cons;st of fill and borrow material classification.
moisture-density testing during the placement of the 6-mch lifts, field permeability testing
with an tnfiltrometer, and laboratory testing of permeability from Shelby tubes taken of
materials used in the pond construction and the geomembrane placed over the clay layer
The geomembrane should be checked for rips, punctures, and a proper seal of seams
during placement.

To allow removal of the settled sludge, a second settling pond having the same
design features as the one described above would be constructed. This pond may also be
used m parallel with the first one during high flow seasons. Removal of the sludge would
proceed as follows: while the sludge from the second pond is removed, the first pond
would receive the surface leachate seeps (and also ground water) for treatment. Contents
of the second pond would be pumped periodically (e.g., once a year) to a dewatenng
device (e.g., filter press) and the concentrated sludge from the dewatering device would be
transported to a hazardous waste landfill for disposal and the clear liquid would be pumped
to the first pond.

6.1.4.2.2 Constructed Wetlands (Option B)

The underdrain collection system will discharge into a limestone channel at the
srjthern end of the landfill cap for the purpose of increasing the pH of the leachate (and
a:so ground water) to approximately 6.5 and treating elevated levels of volatile organic
cnemicais. The riprap-lined channel should have a base width of 1 foot, a depth of 1 "2.
foot, and side slope of 2.5-1. The channel would be lined with a 24-inch thick blanket of
graded (dK » 12 inches) limestone rock. A cover on the limestone channel would be
necessary to avoid formation of ferric hydroxide, which would deactivate the limestone.
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The riprap-lined channel would discharge to a cattail wetland. The most important
metal removing mechanisms m the wetland are the bactenally-catalyzed oxidation and
hydrolysis reactions that cause dissolved iron to precipitate. Also. BOD and COO are
remediated m the wetland. Another potentially important mechanism is bacterial suifate
reduction, which goes on m the anaerobic organic substrate. The suifide ion reacts with
the organic mass. More important, this reaction consumes acidity and raises the pH of the
water. Potential removal of metals by the organic substrates in the wetland through
adsorption and chelation is limited.

The size of the wetland is expected to be approximately 9 acres. Because this is an
innovative technology, a 100 percent contingency has been added to account for
unexpected high loadings. Considering this contingency, the size would be 9-18 acres.
The actual sizing of the treatment system is subject to the results of remedial design and
treatability investigations. The maximum size has been used in costing for comparison
purposes, only. The design would include construction of a maximum of six cells, each ,
3 acres m size.

The clean water from cattail treatment would be discharged to Little McMahon Creek.

it has been assumed that sludge will eventually build up in the wetland that would
require dredgmg of part of the wetland every 15 years. For costing purposes, it was
assumed that the sludge from 2 cells (6 acres) is dredged and hauled off site for disposal
as municipal waste each 15 years.

6.1.4.3 Monitoring of Surface Leachate Seeps

In addition to monitoring of surface leachate seeps (at L-1, L-2, L-4, 1-5 and other
leachates which may be discovered during RO/RA activities) at their respective sources, the
combined surface leachate seeps collected by the underdram system and ground water
would be sampled three times per year, twice under dry conditions and once under wet
conditions. Specific sampling frequencies will be determined during RD/RA activities.
Sampling frequencies cited in this FS Report are for cost estimating purposes only.
Samples would be collected at the discharge to treatment and should be analyzed for
volatile and semivolatile organic compounds and heavy metals, in addition, the effluent
from treatment would be sampled three times per year and be analyzed for the same
parameters as the untreated surface leachate seeps.

6.2 Evaluation of Remedial Alternatives

Remedial alternatives are evaluated with respect to (1) effectiveness, (2)
implementability, and (3) cost. This evaluation was conducted to screen the alternatives
prior to a detailed analysis.
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Effectiveness Evaluation This evaluation foc-ses on (1) the potential ef fect iveness
of process options m handling the estimated areas Of volumes of media and meeting :re
remediation goals identified in the remedial action objectives. (2) the potential impacts to
human health and the environment during the construction and implementation phase, and
(3) how proven and reliable the process is with respect to the contaminants and conditions
at the site.

The wetland should have a 1-foot base of compacted clay overlain by a
geomemorane to minimize the loss c' :eachate into the underlying soil. The geomembrane
liner would be overlain by 6 inches c* sand (SP or finer), then 1 foot of crushed limestone
aggregate. The limestone is then covered with 1 foot of spent mushroom compost.
Cattails would be planted in the substrate. Bottom slopes would vary from 1 to 3 percent.
Flow paths would be established using hay bales. The hay bales should maximize the
effective retention time and avoid channelization or short-circuiting of the cells until the
cattail population is well established. Required maintenance for the wetland will be
determined during RD activities. Depth of water in the cells will vary between 6 and 12
inches. With continuous flow of ground water, problems due to freezing are not considered
critical to wetland performance (if properly sized). Dikes would be constructed with 18 TO
30 inches of freeboard to ensure at least a 1-foot freeboard over the long term.

Implementabiiity Evaluation implementabiiity encompasses both the technical and
administrative feasibility of implementing a technology process. This evaluation is used as
an initial screen of technology types and process options to eliminate those that are dearly
ineffective or unworkable at a site. Therefore, this subsequent, more detailed evaluation of
process options places greater emphasis on the institutional aspects of implementabiiity.
such as the ability to obtain necessary permits for off-site actions, the availability of
treatment, storage, and disposal services (including capacity), and the availability of
necessary equipment and skilled workers to implement the technology.

Cost Evaluation In this evaluation, the cost analysis is made on the basis of the
detailed cost estimates provided in Appendix B.

The evaluations of each alternative 1 through 4 are discussed in Sections 6.2.1
through 6.2.4 and summarized in Section 6.3.

6.2.1 Alternative 1: No Action

Alternative 1 considers that no remedial actions will be implemented at the BRL site
beyond placement of final cover over the Waste Pit and the landfill as part of the landfill
ciosure (which is beyond the scope of this work). Evaluation of Alternative 1 using me
three criteria is presented below:
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6.2.1.1 Effectiveness

Alternative 1 is not effective as it fails to meet any of the remedial objectives of the
BRL site.

6.2.1.2 Implementation

No implementation is involved as no remedial actions are taken.

6.2.1.3 Costs

Alternative 1 has no associated costs as it does not involve any remedial actions.

6.2.2 Alternative 2: Institutional Actions

Alternative 2 involves the following major components:

Deed restrictions
Fencing
Ground-water monitoring
Surface leachate seep monitoring
Monitoring of Kings Run

Evaluation of Alternative 2 using the three criteria is presented below.

6.2.2.1 Effectiveness

The results of the Endangerment Assessment showed that in its present condition the
site poses risks to human health and the environment from current exposure scenarios (for
dirt bikers or trespassers at the site). Risks from future worst-case exposure scenarios
would be significant due only to water quality conditions caused by leaching from the site.

Dirt bikers and trespassers, by definition, are already in violation of local ordinance
and would likely not be deterred from entering the site, even if fenced. Also, the
alternative is ineffective because it does not address ground-water surface water pathways.

6.2.2.2 Implementabllity

Institutional Actions are readily implementable. The requirements and procedures for
monitoring are well established, routine practices for environmental consulting firms and
laboratories.
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6.2.2.3 Cost

The total project cost for Alternative 2, Institutional Action, is estimated to be
approximately 1.786,000. As is aoparen: ('om the cost breakdown summary for
Alternative 2 presented below, tre only cost associated with this alternative is mat for
fencing and ongoing monitoring of site surface water, ground water, and leachate seeps.

Alternative 2A

Annual Total Present
Capital Cost O&M Cost Duration Net Worth

$226,000 $106.300 30 Years $1,786.000

6.2.3 Alternative 3: RCRA Cap

Alternative 3 involves the following major components:

Full RCRA cap
Deed restrictions
Fencing
Ground-water col-e::;on
Surface leachate seep collection
Ground-water monitoring
Surface leachate seep monitoring

• Monitoring of Kings Run
Water treatment by neutralization/precipitation (Option A only)
Water treatment by constructed wetlands (Option B only)

The evaluation of Alternative 3 using the three criteria is presented below.

6.2.3.1 Effectiveness

This alternative is effective in controlling access to the site through fencing, potentially
reducing exposure to unauthorized people.

During site remediation, this alternative involves excavation and grading of
approximately 11 million cubic yards of material and could increase exposure of the on-site
workers to hazardous materials through dust inhalation. However, this exposure could be
minimized through dust control measures. Transport of approximately 393.700 cubic yards
of clay borrow material for the cap construction may cause fugitive dust emissions but can
be controlled through dust suppressants.
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The effectiveness of the RCRA cap has been well documented on hazardous waste
sites. This alternative would cut off the source of recharge to the Waste Pit and the
water-bearing zones potentially in contact with it, thus preventing any future mobilization of
the Waste Pit contaminants into ground water or surface leachate seeps.

Ground water and surface leachate seep collection methods selected for Alternative 3
(French drains and underdraws) involve well established technologies. Treatment of these
waters by either neutralization/precipitation or wetlands will produce an immediate benefit by
significantly reducing the quantity and concentration of the contaminants of concern that
migrate off site. The neutralization/precipitation option can be tailored to improve effluent
quality, whereas, fine control over effluent quality may not be as effective for the wetlands.
The sludge generated from neutralization/precipitation would be disposed of at a hazardous
waste landfill. Sludges from wetlands treatment will be tested to determine if they are
hazardous on nonhazardous. and disposed of appropriately. For costing purposes, the
sludges are assumed to be nonhazardous waste that is transported to an off-site landfill.

6.2.3.2 Implementabillty

installation of a RCRA cap requires extensive amount of preparatory cut and fill o*
on-site material (approximately 11 million cubic yards) to meet the stringent slope
requirements of the cap. However, the RCRA design has been a well proven technology.
Furthermore, implementation of a RCRA cap is expected to take a minimum of 30 months.
This schedule may be delayed based on weather conditions as well as construction-related
factors, in addition, Alternative 3 would require installation of double pipes to contain Kings
Run. making implementation of this alternative more difficult than some of the others.

The proposed ground water and surface leachate seep collection technologies would
be readily implementable at the BRL site. Implementation of the ground water and surface
leachate seep treatment by precipitation/neutralization would also be readily implementable.
Sufficient area is available for the construction of this option. As wetlands treatment
requires more space (approximately 9-18 acres), site topography needs to be carefully
evaluated during the remedial design phase. If Alternative 3 is selected, the maximum size
of the wetlands would be 9 acres due to the grading requirements for the RCRA cap.

6.2.3.3 Cost

Costs associated with Alternative 3 (in dollars) for water treatment options A and B
are shown below. The capital cost includes direct capital for the equipment, labor, and
materials necessary for the installation of the RCRA cap. leachate collection system, fence,
and water treatment system, indirect capital costs for engineering and other contingencies
are also included in this figure.
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Annual costs for this alternative includes operation, maintenance. £~d sampling Total
present net worth values of all costs include a 20 percent preliminary estimate contingency,
and future costs are based on a 5 percent discount rate. All costs presented below are
rounded to the nearest $1.000. The total net present value for Alternative 38 includes
wetlands dredging and revegetation in years 15 and 30. Cost estimate details are
presented in Appendix B.

Alternative 3A

Annual Total Present
Capital Cost O&M Cost Duration Net Worth

$184.745,000 $834.000 30 Years $196.913.000

Alternative 3B

Annual Total Present
Capital Cost O&M Cost Duration Net Worth

$191.227,000 $153.000 30 Years $193,084.000

6.2,4 Alternative 4: Standard Landfill Cap

The major components of Alternative 4 are:

Standard landfill cap
Deed restrictions
Fencing
Ground-water collection
Surface leachate seep collection
Ground-water monitoring
Surface leachate seep monitoring
Monitoring of Kings Run
Water treatment by neutralization/precipitation (Option A only)
Water treatment by constructed wetlands (Option B only)

Evaluation of the three criteria for Alternative 4 is presented below.

6.2.4.1 Effectiveness

This alternative is effective in controlling access to the site through fencing,
potentially reducing exposure to unauthorized people during on-site activities.
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During site remediaiion. this alternative involves excavation grading of approximately
1.3 million cubic yards of material, which could cause potential exposure of the on-site
workers to hazardous materials through dust inhalation. Potential exposure of the on-site
workers would be approximately one-eight of that for Alternative 3. Potential exposure
could be minimized through dust control measures and respiratory protection.

Transport of approximately 280720 cubic yards of clay borrow material for the cap
construction may cause fugitive dust emissions, but could be controlled through dust
suppressants. The quantity of material transported is approximately 29 percent less than
that required under Alternative 3.

The standard landfill cao is as effective as the RCRA cap as it would cut off the
source of recharge to the Waste Pit and the water-bearing zones potentially in contact with
it. thus preventing any future mobilization of the Waste Pit contaminants into ground water
or surlace leachate seeps. The effectiveness of the standard landfill cap has been well "
documented on nonhazardous landfill sites.

Ground water and surlace leachate seep collection methods selected for Alternative 4
(French drams and underdrams) involve well established technologies. Treatment of these f

waters by either neutralization precipitation or wetlands will produce an immediate benefit by
significantly reducing the quantity and concentration of the contaminants of concern that
migrate off site. The neutralization/precipitation option can be tailored to improve effluent
quality, whereas, fine control over effluent quality may not be as effective by the wetlands.
Furthermore, the sludge generated from neutralization/precipitation is disposed of at a
hazardous waste landfill. Precipitates from wetlands treatment will be tested to determine if
they are hazardous or nonhazardous. and disposed of appropriately. For costing purposes.
the sludges are assumed to be nonhazardous waste that is transported to an off-site ^
landfill.

6.2.4.2 Implementablllty

Installattoft of a standard landfill cap at the site is more readily implementabie than
the RCRA cap because of lower requirements for preparatory cut and fill of on-site material
(this results from lower slope requirements).

The quantity of fill material is estimated to be approximately one-eight of that needed
under Alternative 4. Furthermore, implementation of Alternative 4 takes much less time
than Alternative 3 (18 months versus 30 months depending on weather conditions as well
as construction-related factors).
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The proposed ground water and surface leachate seep collection technologies are
readily impiementaoie at the BRL site, implementation of the ground water ana surtace
leachate seep treatment by precipitation/neutralization- can also be readily impiememabie.
Sufficient area is available for me construction of this option. As wetlands treatment
requires more space (approximately 9-18 acres), site topography needs to be carefully
evaluated during the remedial design phase.

6.2.4.3 Cost

Costs associated with Alternative 4 (in dollars) for water treatment options A and B
are shown below. The capita cost includes direct capital for the equipment, labor, and
materials necessary for the ir ation of the standard landfill cap, monitoring both the
leachate and ground water, lee.,-ate collection system, ground water collection system,
fence, and water treatment system, indirect capital costs for engineering and other
contingencies are also included in this figure.

The annual cost for this a'ternative includes operation, maintenance, and sampling
costs. Total present net worth values of all costs include a 20-percent preliminary estimate
contingency, anc future costs are based on a 5-percent discount rate. All costs presented
below are rounded to the nearest $1.000. The total net present value for alternative 48
includes wetlands dredging and revegetation in years 15 and 30. Cost estimate details are
presented in Appendix B.

Capital Cost

$40,447,000

Annual
O&M Cost

$780.000

Alternative 4A

Duration

30 years

Total Present
Net Worth

$52,492.000

Capital Cost

$46,923,000

Annual
O&V Cost

$99.000

Alternative 43

Duration

30 years

Total Present
Net Worth

$48,663,000

6.3 Alternatives Screening

The purpose of the alternative screening process is to narrow the list of the potential
remedial actions to be earned toward for detailed analysis, if necessary (NCP, Section
300.68(g)). The NCP further : ^s that the three broad criteria to be used in the
screening of the alternatives b-, - "fectiveness, impiementability, and cost.
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Among the four alternatives considered for the BRL site, Alternative 2 was eliminated
from further consideration based on discussions presented in Section 6.2. Alternatives 2 is
ineffective because it does not meet the remedial objectives for the BRL site. At a
minimum, Alternative 2 does not immobilize contaminants in the future because the
recharge areas of the water-bearing zones are not covered by a cap.

Alternatives 3 and 4 pass all three criteria of evaluation (i.e., effectiveness,
impiementability, and cost) and are retained for detailed analysts. Both alternatives are
responsive to the remedial objectives for the site, protective of human health and the
environment, and meet or exceed state and federal ARARs. These alternatives can also
both be implemented at the BRL site. In addition. Alternative 1 (the No Action alternative!
is retained through the detailed analysis of alternatives, as required by NCR. to provide a
baseline of comparison with the other alternatives.
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7.0 DETAILED ANALYSIS OF ALTERNATIVES

7.1 Introduction

The detailed analysis of alternatives consists of the evaluation and presentation of the
relevant information needed to allow the Agencies to select a site remedy, in the detailed
analysis, each alternative is assessed against nine evaluation criteria described below. The
results of this assessment are arrayed to compare the alternatives and identity the key
tradeoffs among them. This approach to analyzing alternatives provides the Agencies with
sufficient information to adequately compare the alternatives, select an appropriate remedy
for the site, and demonstrate satisfaction of the CERCLA remedy selection requirements in
the Record of Decision (ROD).

The nine criteria for evaluating remedial alternatives are as follows:

Overall protection of human health and the environment
ARARs compliance
Short-term effectiveness
Long-term effectives :- and permanence
Deduction of toxicity, -nobility, or volume
'^piementability
Cost
State acceptance
Community acceptance

The first seven criteria are strictly technical issues. The last two, state acceptance and
community acceptance, are reserved for ERA and OEPA (the Agencies). The nine
evaluation criteria that are defined and described in detail below. A summary of the
comparison of alternatives is presented later in this chapter.

7.1.1 Overall Protection of Human Health and The Environment

This provides a final check to assess whether each alternative adequately protects
human health and the environment as well as a description of how risks are eliminated,
reduced, or controlled through treatment, engineering controls, or institutional controls.

7.1.2 Compliance with ARARa

This discusses whether alteratives will meet all federal and state applicable or
relevant and appropriate regutatio- fARARs) previously identified in the RI/FS process.
When an alternative meets ARARb, then this critera describes how it does. When an
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ARAR is not met. the basis for justifying one of the six waivers allowed under CERC.J* ;s
discussed. Three types of ARARs have been identified for tne BRL site:

Chemical-specific ARARs
Action-specific ARARs
Location-specific ARARs

7.1.3 Short-term Effectiveness

This criterion addresses the effects of the alternatives during the construction and
implementation phase until remedial objectives are met. Alternatives are evaluated with
respect to their effects on human health and the environment, if applicable, during
implementation of the remedial action.

The following factors will be evaluated under short-term effectiveness:

Protection of the community during remedial actions
Protection of the workers during remedial actions
Environmental impacts of the remedial action
Time lapse before achievement of response objectives

7.1.4 Long-term Effectiveness and Permanence

This addresses the results of a remedial action in terms of the risk remaining at the
site after remedial objectives are met. Any controls required to manage the risk posed by
treatment residuals or untreated wastes are described. The three components of this
criterion that will be addressed for each alternative are:

Magnitude of remaining risk
Adequacy of long-term controls
Reliability of long-term controls

7.1.5 Reduction of Toxicity, Mobility, or Volume

This criterion addresses the statutory preference for selecting remedial actions
employing treatment technologies that permanently and significantly reduce toxicity. mobility.
or volume of the hazardous substances. This evaluation will focus on:

The amount and types of hazardous materials that will be destroyed or
treated
The degree of expected reduction in toxicity mobility and volume
The degree of irreversibiiity of the process
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The type ana quantity of residuals remaining following treatment

7.1.6 Implementability

At this stage of the feasibility study process, the technologies comprising the
alternatives presented here have already undergone implementability analysis, in this final
analysis, implementability of the screened alternatives will be further defined, if possible,
considering all technologies which comprise each alternative. This implementability
evaluation involves both technical and administrative feasibility of the alternative and the
availability of various services and materials required during its implementation. Technical
feasibility aooresses construction and operational concerns and the reliability of
technologies used. Administrative feasibility addresses activities needed to coordinate with
Agencies (e.g.. obtaining oermits).

7.1.7 Cost

The cost estimates presented for the surviving alternatives are the same as
presented in Section 6.2 and have been reiterated here for the sake of continuity. The
cost analyses presented consist of detailed, dollar estimates of each alternative. These
costs are based upon the site-specific data, and were determined by using standard
engineering cost estimation guides and vendor quotes. The dollar values of the
alternatives developed for this study are intended to be estimates with an accuracy of +50
to -30 percent. This criterion addresses how total alternative costs, stated in present worth
dollars including capital and operation and maintenance (O&M) expenses, compare to one
another.

7.1.8 State Acceptance

This assessment evaluates the technical and administrative issues and concerns that
the State Agency may have regarding each of the remedial alternatives. Evaluation of
state acceptance is reserved lor the Agencies.

7.1.9 Community Acceptance

This assessment evaluates the issues and concerns that the public may have
regarding each of the alternatives. The evaluation of this criteria is reserved for the
Agencies.

7.2 Individual Analyses

The analysis of individual alternatives with respect to the first seven of the nine
criteria is discussed below. Evaluation of community and state acceptance is reserved for



Agencies. Once each remedial alternative has been described and individually
assessec against the criteria, a comparative analysis is presented evaluating the reiat.ve
penrmance of each alternative relative to each speafic criterion, up to this point m the
FS process, each alternative was analyzed independently without consideration of other
alternatives. The comparative analysis identifies key tradeoffs among alternatives useful to
the Agencies during remedy selection. Detailed analysis of Alternatives 3 and 4 are
presented in the following subsections and compared in Section 7.3.

7.2.1 Alternative 3: RCRA Cap

Alternative 3 involves the following major components:

Full RCRA cap
Deed restrictions
Fencing
Ground-water collection
Surface leachate seep collection
Ground-water monitoring
Surface leachate seep monitoring
Monitoring of Kings Run
Water treatment by neutralization/precipitation (Option A only)
Water treatment by constructed wetlands (Option B only)

The evaluation of Alternative 3 using the remaining seven criteria is presented below.

7.2.1.1 Overall Protection of Human Health and the Environment

Overall protection of human health and the environment is provided by Alternative 3.
The long-term effectiveness should be excellent. The excavation of soils on site presents
short-term risks to workers and the surrounding population, but these exposure risks could
be minimized through the use of dust control measures during earthworking processes and
the employment of proper personal protective equipment (PPE) for site workers, when
needed. Once the RCRA cap were in place, Alternative 3 would effectively reduce the
infiltration of rainwater through all of the waste material, and eliminate human contact with
the capped waste. Although the cap itself would provide no permanent reduction of the .
toxicity. mobility, or volume of the contaminants found in the soil matrix, both water
treatment options provide a reduction of mobility and volume of the waste.

it is projected that Alternative 3 would be able to meet the cleanup requirements for
the site, as well as federal and state ARARs.

93



7.2.1.2 ARARs Compliance

CERCLA I2iid)(2) squires that supertund actions comply with other laws that are
ARARs. Alternative 3 would be aDie to meet the remedial action goals for the site.
including ARARs for the site.

Action specific ARARs regarding fugitive dust emissions will be met by controlling
these emissions through the use of dust suppressants. The cap would meet recommended
and regulated minimum design standards at both the state and federal level and consistent
with U.S. ERA guidance entitled "Minimum Technology Guidance for Final Covers on
Hazardous Waste Landfills and Surface Impoundment". The cap and leachate collection
system should effectively eliminate the migration of contaminants to off-site surface water.

Chemical specific ARARs regarding air emissions from the leachate treatment system
will be met. Discharge from the treatment system will not exceed the limits determined for-
the site during the NPDES permit process.

7.2.1.3 Short-Term Effectiveness

Protection of the community during implementation of the remedial action could be
accomplished under Alternative 3. Site access control would be maintained during any
remedial action to restrict entry of (and thus, reduce potential exposure to) unauthorized
personnel.

Alternative 3 would require the excavation/grading of approximately 11 million cubic
yards of material to implement the remedial technologies. This grading of material could
produce airborne contaminants through the stirring of dust and contaminated soils on site:
these contaminants are potential hazards to workers on site and to nearby residents. Dust
control methods would therefore be employed, if necessary, to minimize the transfer of
contaminated soils into the air from construction related activities.

The transport of approximately 393,700 cubic yards of clay borrow material may also
be a source for uncontaminated fugitive dust emissions, but these emissions could also be
controlled through the use of a dust suppressant.

If monitoring indicates it is necessary, workers would be protected during initial earth
moving activities tnrcjgh the use of Level C PPE to further reduce the threat of airborne
contaminants. PPE to Level A or Level B would be implemented, if necessary.

The implementation of the alternative utilizing either water treatment option A or B is
not expected to have a significant detrimental impact on the environment, and would



produce an immediate environmental benefit by significantly reducing tne quantity anc
concentration of the contaminated waste-'leachate that migrates off site.

7.2.1.4 Long-Term Effectiveness and Permanence

The magnitude of residual risk under Alternative 3 should be lowered due to the
physical separation of the contaminated soils from human receptors and the environment
that is provided by the cap. In the unlikely event of RCRA cap failure, the risk from
residual waste on site would be small due to the leachate collection and treatment system
utilized under water treatment options A and B for the alternative.

The adequacy and reliability of RCRA capping systems are well documented on
hazardous waste sites. This alternative would cut off the source of recharge to the Waste
Pit and the water-bearing zones potentially in contact with it. thus, preventing any future
mobilization of the Waste Pit corammants into ground water or surface leachate seeps.
The stringent sloping requirements and multiple low permeability layers of the RCRA cap in
Alternative 3 increase the performance and reliability of the entire system. The reliable life
expectancy of the RCRA cap with normal maintenance is approximately 50 to 100 years.
After this period of time, more extensive maintenance and repair procedures may have to
be undertaken to restore the effectiveness of the cap.

The drainage channels in Alternative 3 would require periodic inspection for erosion
or other forms of degradation. The inlet and outlet of Kings Run would also be inspected
for degradation regularly. The pipe run also requires inspection for silting/blockage.

Routine cap maintenance would be limited to periodic cap inspection and mowing of
the vegetative layer as needed. Any signs of unexpected settling or subsidence will be
addressed immediately upon discovery.

Surface-water treatment Option A (chemical treatment of the stream) is a well-proven
means of water treatment. The use of lime to neutralize a waste stream and precipitate
metal contaminants is a commonly employed technology for the remediation of
metal-contaminated waste streams and acid mine drainage. Before a waste-specific
treatability study is performed using the technology, however, it is uncertain exactly what
effluent quality could be achieved using this method. The chemical treatment option is
flexible, however, and thus could be tailored or modified to improve effluent quality if
necessary.

Surface-water treatment Option B (the constructed wetland technology) has been
demonstrated in the treatment of acid mine drainage. As with the chemical treatment
option, it is unknown what level of effluent quality can be achieved using this technology
The passive treatment associated with the constructed wetiand option, however, does not



allow for tne fine control over effluent quality that is possible with a chemical treatment
system T^e sludge generated from neutralization.precipitation is disposed at a ha2afdous
waste landfill. Precipitates from wetlands treatment will be tested to determine if they are
hazardous or nonhazardous, and disposed of appropriately. For costing purposes, the
sludges are assumed to be nonhazardous waste that is transported to an off-site landfill.

7.2.1.5 Reduction of Toxlcity, Mobility, or Volume

The construction of a RCRA cap would reduce the potential of exposure to the
contaminants, but does not result in the reduction of toxicity. mobility, or volume of the
landfiiied material. The cap would reduce the volume of leachate produced, however, by
effectively minimizing infiltration of rainwater. The mobility of the contaminants would also
be reduced through this reducti:* -n infiltration.

The construction of the leachate collection system in Alternative 3 would limit the
migration of contaminants into the ground water and would reduce the risk for human
contact with the contaminants, but does not result in a reduction of the toxicity, mobility, or
volume of the waste.

Both water treatment options A and B result in a reduction of volume and mobility of
the contaminants. The treatment systems are designed to treat approximately 3 million
gallons of leachate per day. Water treatment option A would produce an unknown quantity
of sludge along with the process t^at will need disposal; treatment option B also results in
the formation of sludge. For costing purposes, it has been assumed that the sludge
generated by treatment option B • wetlands) is nonhazardous and is transported to an off-
site landfill for disposal. The sluage will be tested to determine whether it is hazardous or
nonhazardous, and disposed of appropriately.

7.2.1.6 Implementablllty

Alternative 3 is implementable with some difficulty at the BRL site. Installation of the
RCRA cap does require the grading of an extensive amount of material (approximately 11
million cubic yards) to meet the sringent slope requirements of the cap. In addition,
Alternative 3 would require installation of double pipes to contain Kings Run, making
implementation of this alternative difficult.

The technologies of excavation and capping have been well proven, and have been
extensively practiced on hazardous waste sites in the past. Additional remedial actions, if
necessary, would be difficult on tne capped portions of the site, and will most likely require
the removal of a portion of the cac.
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implementation of a RCRA cap wouia be expected to take a minimum of 30 months
Tnis schedule may be delayed based on weather conditions as well as construct.on-re:ated
factors. The materials, equipment, and services necessary for the construction are
available for all aspects of the alternative.

The proposed ground water and surface leachate seep collection technologies are
readily implementable at the BRL site, implementation of the ground water and surface
leachate seep treatment by precipitation/neutralization can also be readily implementable.
Sufficient area is available for the construction of this option. As wetlands treatment
requires more space (approximately 9-18 acres), site topography needs to be carefully
evaluated during the remedial design phase. If Alternative 3 is selected, the maximum site
of the wetland would be 9 acres, due to the grading requirements for the RCRA cap.

The administrative implementability of Alternative 3 is also expected to be good The
discharge of treated water would require coordination with and approval from the OEPA
through the NPDES program. Final design of the alternative should aiso be coordinated "
with the ODNR Division of Reclamation; the reclamation to the west of the site is under
ODNRs jurisdiction.

7.2.1.7 Cost

Costs associated with Alternative 3 (in dollars) for water treatment options A and B
are shown below. The capital cost includes direct capital for the equipment, labor, and
materials that would be necessary for the installation of the RCRA cap. leachate collection
system, fence, and water treatment system. Indirect capital costs for engineering and other
contingencies are also included in this figure.

Annual costs for this alternative would include operation, maintenance, and sampling.
Total present net worth values of all costs include a 20 percent preliminary estimate
contingency, and future costs are based on a 5 percent discount rate. All costs presented
below are rounded to the nearest $1,000. The total net present value for Alternative 33
includes wetlands dredging and revegetation in years 15 and 30. Cost estimate details are
presented in Appendix B.

Alternative 3A

Annual Total Present
Capital Cost O&M Cost Duration Net Worth

$184,745,000 $834.000 30 years $196.913,000
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Alterative 33

Annual . Total Present
Capita* Cost O&M Cost Duration Net Wort*

$191,222,000 $153.000 30 years $193.084,000

7.2.3 Alternative 4: Standard Cap

The major components of Alternative 4 are:

Standard land*'' -*
Deed restrictions

• Fencing
Ground-water collection
Surface leachate seep collection

• Ground-water monitoring
Surface leachate seeo monitoring
Monitoring of Kings Run
Water treatment b> neutralization precipitation (Option A only)
Water treatment b. constructed wetlands (Option B only)

Evaluation of the seven criteria for Alternative 4 are presented below.

7.2.3.1 Overall Protection of Human Health and the Environment

Overall protection of human health and the environment is provided by Alternative 4.
The long-term effectiveness of Alternative 4 is very good The excavation of soils on site
presents short-term risks to workers and the surrounding population, but these exposure
risks could be mimrr red through the use of dust control measures during earthworkmg
processes and the employment of proper personal protective equipment (PPE) for site
workers, when needed. Once t*» cao is in place, A'»ernative 4 would effectively reduce
the infiltration of rainwater throu, a., of the waste r aterial, and would eliminate human
contact with the capped waste. A.r.ough the cap itself would provide no permanent
reduction of the toxicity, mobility, or volume of the contaminants found in the soil matrix,
both water treatment options provide a reduction of mobility and volume of the waste.

it is projected that Alternative 4 would be able to meet the cleanup requirements for
the site, as welt as federal and state ARARs.
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7.2.3.2 ARARs Compliance

CERCLA 12l(d)(2) requires that Superfund acttons comply with other laws that are
AflARs. Alternative 4 should be able to meet the remedial action goals for the site,
including ARARs for the site.

Action specific ARARs regarding fugitive dust emissions would be met by controlling
these emissions through the use of dust suppressants. The cap would meet recommended
and regulated minimum design standards at both the state and federal level. At a
minimum, the cap would meet applicable, relevant, and appropriate sanitary landfill design
standards at both state and federal levels. The cap and feachate collection system should
effectively eliminate the migration of contaminants to off-site surface water.

Chemical specific ARARs regarding air emissions from the leachate treatment system <*•*•
will be met. Discharge from the treatment system should not exceed the limits determined*
for the site during the NPDES permit process.

7.2.3.3 Short-Term Effectiveness

Protection of the community during implementation of the remedial action can be
accomplished under Alternative 4. Site access control would be maintained during any
remedial action to restrict entry of (and thus, reduce potential exposure to) unauthorized
personnel during on-site RA activities.

Alternative 4 would require the excavation/grading of approximately 1.3 million cubic
yards of material to implement the remedial technologies. This grading of material could
produce airborne contaminants through the stirring of dust and contaminated soils on site;
these contaminants are potential hazards to workers on site and to nearby residents. Dust
control methods would therefore be employed, If necessary, to minimize the transfer of
contaminated soils into the air from construction related activities.

The transport of approximately 280,720 cubic yards of clay borrow material may also
be a source for uncontaminated fugitive dust emissions, but these emissions could also be
controlled through the use of a dust suppressant.

If monitoring indicates it is necessary, workers would be protected during initial earth
moving activities through the use of Level C PPE to further reduce the threat of airborne
contaminants. PPE to Level A or Level B would be implemented if necessary.

The implementation of the alternative utilizing either water treatment option A or B is
not expected to have a significant detrimental impact on the environment, and should
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proc-ce a" "^mediate environmental benefit by sigr 'scantly reducing the Quantity and
concentration of the contaminated waste leacnate t kat migrates off Site.

7.2.3.4 Long-Term Effectiveness and Permanence

The magnitude of residual risk under Alternative 4 would be lowered due to the
physical separation of the contaminates soils from human receptors and the environment
that is provided by the cap. In the event of cap failure, the risk from residual waste on
site would be small due to the leacnate collection and treatment system utilized under
water treatment options A or B for the alternative.

The adequacy and reliability of standard landfill capping systems are well
documented. The reliable life expectancy of the standard landfill cap with normal
maintenance is approximately 50 ;: ' 3 years. After this period of time, more extensive
maintenance and repair procedures _/ have tc be undertaken to restore the effectiveness
of the cap.

Routine cap maintenance would be limited to periodic cap inspection for signs of
erosion, settlement and subsidence, and mowing of the vegetative layer as needed. Any
signs of unexpected settling or subsidence in the cap should be addressed immediately.
The drainage channels would also require periodic inspection for erosion or other forms of
degradation, as well.

Surface water treatment option A, chemical treatment of the stream, is a well-proven
means of water treatment. The use of lime to neutralize a waste stream and precipitate
metal contaminants is a commonly employed technology for the remediation of
metal-contaminated waste streams and acid mine drainage. Before a waste-specific
treatabiiity study is performed using the technology, the effluent quality that can be
achieved should be determined. It should be recognized that the resulting effluent quality
is presently unknown. The chemical treatment ootion is flexible, however, and thus could
be tailored or modified to improve effluent qualit) if necessary.

Surface-water treatment Option B (the constructed wetland technology) has been
demonstratec -n the treatment of acid mine drainage. As with the chemical treatment
option, it is unknown what level of effluent quality can be achieved using this technology.
The passive treatment associated with tne constructed wetland option, however, does not
allow for the fine control over effluent quality that is possible with a chemical treatment
system. The sludge generated from neutralization/precipitation is disposed at a hazardous
waste landfill. Precipitates from wetlands treatment will be tested to determine if they are
hazardous or nonhazardous. and opposed of appropriately. For costing purposes, the
sludges are assumed to be non-hazardous waste that is transported to an off-site landfill.
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7.2.3.5 Reduction of Toxicity, Mobility, or Volume

The construction of a standard landfill cap would reduce the potential of exposure to
the contaminants, but does not result in the reduction of toxicity. mobility, or volume of the
landfiiled material. The cap would reduce the volume of leachate produced, however, by
effectively minimizing infiltration of rainwater. The mobility of contaminants would also be
reduced through this reduction in infiltration.

The construction of the leachate collection system in Alternative 4 would limit the
migration of contaminants into the ground water and would reduce the risk for human
contact with the contaminants, but does not result in a reduction of the toxicity, mobility, or
volume of the waste.

Both water treatment options A and B results in a reduction of volume and mobility of
the contaminants. The treatment systems are designed to treat approximately 3 million
gallons of leachate per day. Water treatment option A would produce an unknown quantity
of sludge along with the process that will need disposal: treatment option B also results m
the formation of sludge. For costing purposes, it has oeen assumed that the sludge
generated by treatment option B (wetlands) is nonhazardous and is transported to an off-
site landfill. The sludge will be tested to determine whether it is hazardous or
nonhazardous. and disposed of appropriately.

7.2.3.6 Implementabltlty

Alternative 4 is impiementable at the BRL site. Implementation of the alternative
would require the grading of a moderate amount of material (approximately 1.3 million
cubic yards).

The technologies of excavation and capping have been well proven, and have been
extensively practiced on hazardous waste sites in the past. Additional remedial actions, if
necessary, would be difficult on the capped portions of the site, and will most likely require
the removal of a portion of the cap. The effectiveness of the capping remedy could be
readily established through the sampling and metering of the leachate following cap
installation.

The proposed ground water and surface leachate seep collection technologies are
readily impiementable at the BRL site. Implementation of the ground water and surface
leachate seep treatment by precipitation/neutralization can also be readily impiementable.
Sufficient area is available for the construction of this option. As wetlands treatment
requires more space (approximately 9-18 acres), site topography needs to be carefully
evaluated during the remedial design phase.
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imp emen'ta: on of Alternative 4 would expected to take a minimum of 1
This scheajie may be delayed based on weather conditions as well as consfuction-'eiatea
factors ~ne mater a's. equipment, ana services necessary for the construction are
available for all aspects of the alternative.

The administrative impiementa^ ''ty of Alternative 4 is also expected to be good. The
discharge of treated water would •; ,-.re co: ^nation with an approval from the OEPA
through the NPDES program. Fmi design of the alternative should also be coordinated
with the ODNR Division of Reclamation since the reclamation to the west of the site under
their jurisdiction.

7.2.3.7 Cost

Costs associated with Alternative 4 (in dollars) for water treatment options A and B
are shown below. The capital cost .-eludes direct capital for the equipment, labor, and
materials that would be necessary for the installation of the standard landfill cap, leacnate
collection system, fence, and water treatment system. Indirect capital costs for engineering
and other contingencies are also included in this figure.

The annual cos* for this alternative would include operation, maintenance, and
sampling costs. Tote oresent net worth values of all costs include a 20 percent
preliminary estimate contingency, and future costs are based on a S percent discount rate.
AH costs presented below are rounded to the nearest $1,000. The total net present value
jr Alternative 4B includes wetlands dredging and revegetation in years 15 and 30. Cost

estimate details are presented in Appendix B.

Alternative 4A

Annual Total Present
Capital Cost O&M Cost Duration Net Worth

$40,447,000 $780,000 30 years $52,492.000

Alternative 48

Annual . Total Present
Capital Cost O&M Cost Duration Net Worth

546,923,000 $99,000 30 years $48.663,000

7.3 Comparison Among Alternatives

The alternatives were assembled for the Buckeye Reclamation site have now been
evaluated individually on seven criteria:
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Overall protection of Human health and the environment
ARARs compliance
Shon-term effectiveness
Long-term effectiveness and permanence
Reduction of toxicity. mobility, or volume
Implementabiiity
Cost

The other two criteria, state and community acceptance, are reserved for the Agencies.

In this section of the Feasibility Study report, the results of the detailed evaluation of
the alternatives and remedial options will be used to compare among the different
alternatives on the basis of the seven technical criteria, it is only through a comparison
among the different alternatives that one can sense the relative benefits that one alternative,
may have over the others.

The purpose of this section, therefore, is to present the comparison in a way that will
reveal relative performance benefits and drawbacks. Table 7-1 provides a summary of
each alternative's relative performance according to the seven criteria. A detailed criterion*
by-critenon comparison of the alternatives follows.

7.3.1 Overall Protection of Human Health and the Environment

AH of the remedial alternatives proposed for application on the Buckeye Reclamation
site are protective of human health and the environment except Alternative 1 (No Action).
The alternatives that use a remedial action do differ somewhat, however, in the means
employed to eliminate, reduce, or control the risks.

All of the proposed remedial alternatives reduce the risk of human exposure to
contamination by using access restrictions to the site, a reduced permeability cap. and
some form of water treatment. Whether option A (chemical treatment) or option B
(constructed wetlands) are chosen, both will be designed and operated to meet the
remedial action goals for the site.
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7.3.2 ARARs Compliance

All of the alternatives proposed for the Buckeye Reclamation site should be ac'9 to
meet the site-specific ARARs with the exception of the No Action alternative.

7.3.3 Short-Term Effectiveness

The alternatives have similar impacts on short-term effectiveness because they
involve the use of excavation/movement of soils during cap installation. The alternatives
differ, however, with respect to the amount of excavation necessary as well as the length
of time required to remediate the site. These factors present varying potential short-term
nsks associated with the alternatives during construction and implementation phases.

All alternatives (with the exception of the no action alternative) have good to excellent
short-term effectiveness. Because of the large amount of excavation and fill required by ^
alternatives 3A and 38, alternatives 4A and 4B are rated higher for short-term
effectiveness.

Alternative 1, the No Action alternative, has very few negative impacts m the short-
term, but is not able to achieve the remedial action goals for the site.

7.3.4 Long-Term Effectiveness and Permanence

Alternatives developed for the Buckeye Reclamation site provide slightly different
levels of long-term effectiveness and permanence. All alternatives provide infiltration
protection, with Alternative 3A and 36 providing the most effective barrier, followed by
Alternative 4A and 48.

Among the water treatment options, option A (chemical treatment) provides the most
flexibility and effectiveness due to its high level of controllability. Option B (constructed
wetlands) is an innovative technology that has been shown to have varying levels of
success.

Option A, chemical treatment, may require more frequent monitoring to assure
effectiveness of the system as well as more frequent maintenance. The increased
monitoring/maintenance may be balanced by the reliability/effectiveness of the treatment
option. Option B. constructed wetlands, however, requires a much lower level of
maintenance but has the uncertainty with regard to effectiveness. The No Action
Alternative, of course, is the least effective of all the alternatives, and fails to achieve
remedial action goals for the site.
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7.3.5 Reduction of Toxlclty, Mobility, and Volume

Section I2i(b]ii) of the Comprehensive Environmental Response. Compensation, ana
Liability Act (CERCLA) of 1980 states that "remedial actions in which treatment which
permanently and significantly reduces the volume, toxicity or mobility of the hazardous
substances, pollutants, and contaminants are a principal element, are to be preferred over
remedial actions not involving such treatment." The alternatives utilize no such permanent
treatment.

The comparisons and ranking of the alternatives with respect to reduction of toxicity.
mobility, and volume of the contaminants results in an identical list of preferred alternatives
that are favored for their long-term effectiveness and permanence. All alternatives provide
for a reduction of the volume of acid mine drainage and mobility of the contaminants
through the use of a low-permeability cap and a water treatment option. The No Action
alternative, however, results in no decrease in toxicity, mobility, or volume.

Water treatment option A is more proven than option 3 and allows control over
effluent quality. Option 8 is an innovative technology that has met with success in treating
acid mine drainage in Ohio.

7.3.6 Implementabllity

The implementabiiity of any alternative can be divided into technical and
administrative implementabiiity. These are compared for the different alternatives below.

Technical feasibility is the actual ability to implement the alternative from a technical
standpoint. All of the alternatives for the Buckeye Reclamation site are technically
implementabie. The technologies, capacities, and manpower necessary to successfully
operate the alternatives exist for each option.

The most difficult alternatives to implement from a technical basis are Alternatives 3A
or 3B. The implementation of a RCRA cap on site is complicated by the varying
topography of the site, and the extensive amount of earthwork needed to achieve the strict
sicpe requirements of the cap. Alternative 4A and 4B (standard landfill cap) are the
easiest to implement from a technical standpoint.

Option A is a more commonly used treatment technology because of assured
effectiveness and the increased level of controllability of the system. Option B is an
innovative technology that has shown of success in similar situations.

Administrative implementabiiity is the feasibility of an alternative to attain the aporovai
of the various regulatory agencies and, other governing bodies necessary to implement the



alternative, in contrast with the technical feasibility aspect of the alternatives, Alternative
3A ana 3B may be the most administratively 'mpiementabie alternative. The full RCRA cao
provides a great amount of protection to the site, and thus would be the least likely to
encounter administrative disapproval, however, technical feasibility clearly drives the ranking
under this criteria.

Administrative approval of the No Action alternative is very unlikely, due to the risks
that the site currently poses to human health and the environment.

7.3.7 Cost

The estimated present net worth of each alterna- is given in Table 7-1. These
costs are given assuming a 30-year water treatment time.

The array of costs presented shows Alternative 3 to be the most expensive
alternative, followed by Alternative 4. and 1. This order remains constant when either
option A or B for water treatment is chosen. There is an approximate difference of
$143.414,000 between the least expensive (Alternative 48) and most expensive (Alternative
3A) remedial alternative {not including the no cost. No Action alternative).

it is important to realize that one major factor (the cost of capping and grading
activities) controls a large portion of the cost for some or all of the alternatives, if this
parameter vanes, the cost of a remedial action alternative may change dramatically.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
R E G I O N S

IX SOUTH DURlOR.N ST.
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VTA OVES-VTCHT MAIL o/umtya, OH

Mr. William C. Olasin
BRL - Project Manager
Ashland Chamical Company
P.O. Box 2219
Colur-bus, Ohio 43216

Rt: BucXtyt declaration Lar.dJill

D«ar Mr. Olasin:
Inelestd art tht Applicable or Kalavant and Appropriate '
Rao^iirasants (AJURs) and ethar factors to b« eonsidarad (TBCs) '
which apply to tha BucXaya Raclaaation Landfill Feasibility Study
(FS). This transmittal is made up of tArte parts: 1} joint
agency cesaants on tha draft preliminary scepino; of potential
remedial actions and an amended Alternatives Array Matrix (AA.X) ,
2} U.S. CPA AMAs (vatar division AWJU ara included in a
separata document) and* 3) Ohio ZPA AJUUU. Tha amended AAX was
used to obtain AXAXs from the various divisions at U.S. EPA and
tha State of Ohio and will follow under separata cover.

Since tha alternatives and technologies ara presently in tha
development stao.a, additions to the AAAXs and TBCs may occur. If
the Acencias determine that other measures, net determined to be
ARAA* are nacessary to protect public health and the environment,
they will b« part of tha overall site remedy. Other types of
retirements, such as monitoring, reporting, access, e^c. will be
included as part of remediation.
Kem*dial actions which are conducted entirely on~site will net
require permits. The technical requirements and not tha
administrative requirements of any AftAA permits must be satisfied
before tha remedial action can be approved.
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Folloving this transaittal will b« a copy of the proposed Ohio
Solid Wait* Reflations which arc currently TBCs and will be
ARA&S vhtn final. If you have Any questions regarding the A_?A?-s
and TBCs, please contact us.
Sincerely,

KeiTTindall
Reaedial Project Manager
D.S. environmental Projection

Agency
Enclosures

.In J. Blair
Group Leader
Ohio Environmental Protection

Agency

cc: David Grahas, Chairman, BRL Steering Connittee
. Wesley Bradfo rd , Versar, Inc.

Xathy Davidson, OCA-TSU, OEPA-CO



STATCTORY AUTHORITIES

AIR

Soae of the reaedial action alternatives that could be selected
for detailed evaluation could result in the release of
perticulete Batter, toxic/ and/or radioactive gases via the air
pathway if iapleaented. Air ARAJU ttaa from the Clean Air Act,
and include substances regulated through the federally approved
State lapleaentation Plan (SIP) and substance* regulated under
the Federal KZSHAPS prograa and the Mew Source Performance
Standards.

RCRA

The portions of the Resource Conservation and Recovery Act, as
amended, which apply to this project are outlined in the
alternative specific portion of this document. In gtneral the ^
RCRA regulations found in 40 CFR 2«4 Subpert* C, F, C, N, and 0
apply, as veil as 40 CFR 270 (incineration) and to a lesser "
extent, 40 CFR 262 and 263. For complete copies, you should
refer to the applicable Code of Federal Regulations.

water
The Clean water Act and the Safe Drinking water Act are the
general federal statutes to refer to for federal water ARARs.
MtLs, MCISs, and AWQC, nay be ARARs under CERCLA.

State
The generally pertinent State of Ohio statue is the Ohio Revised
Code (ORC) . ORC Chapter 3704 establishes Ohio EPA's authority to
regulate and control air pollution within the State of Ohio. ORC
Chapter 3734 provides statutory authority for the regulation of -^
•olid and hazardous waste activities in the State of Ohio. ORC
Chapter till establishes Ohio EPA's authority to set water
quality standards and regulate water pollution sources. ORC 1521
and CAC 1S01 regulate dans, dikes and levys. The State of Ohio
regulations and rules developed on the basis of the ORC can be
found in Chapter 3745 of the Ohio Administrative Code.



Environmental ledia/
Reaedial Tec**logy Types

Ground water,
Surface vate^
Landfill, Was*
Pit/use restzfctions

Ground vat«r/
capping
Surface
capping

Soils in WastaVit/
capping

Soils and Waste in
Landfill/capias?

Federal ARARs

RCKA

1) Use Restrictions (40 CT7. 264.116}

1) Fugitivt dust control froa grading.

2} To be considered is that regulations
havt btcn proposed and art being
developed that would specifically
retire controls for landfills.

3) Another factor to be ccr.sicfered is
the risXs that arise through inhalation
due to air emissions caused by a variety
of remedial actions.

PCRA

1) Solid Waste Closure (Subtitle o; -
Refer to Ohio solid waste regulations

2) PCRA Landfill closure retirements •
Closure requirements - 40 C?R 264.310
Post-closure care - 40 CfR 264.310(b)
Use restrictions - 40 CFR 264.117 and

264.U7(c)

Ground water/
monitoring

1) Substantive requireoents of
40 Cr* 264.92 -264.99

Ground water/

Surface water/
collection/tn
disposal

&ZB
1) Air eoissions &ay not exceed
•mission standards for this source
established in the approved State SI?
-»nd any applicable Hew Source
Performance Standards (NSPS) or national
Caission Standards for Hazardous Air
Pollutants (NESHAPs). Volatile or;ar.ic
eospounds which »ay be eaitted aay
.require risk calculations.
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2) Special handling of spent activated
carbon is required if radon products
which nay be prasant in the vatar laad
to a concantration in tha carbon that
meets "radioactive" definition of DCT.
Breakthrough or release of radon gas
•hall not craata an occupational or
public haalth thraat and shall not
axcaad Stata radioactive emission
standards. Radiation monitoring may ba
required in tha design (and possibly
throughout implementation) phasa of tha
remedy.

ECRA

1) Croundwatar concantration at tha
sourct of tha cleanup program rust be
less than or equal to SDVA or PCRA KCL's
at the point of compliance (waste unit
boundary). Alternate Concentration
Limits may only be used under the
United conditions outlined in CERCUk
Section 121(d) (2) (B) (ii). Ar-iient
Water Quality Criteria may also be A£A£s
under certain circumstances. A star.dard
for drinking water more stringent than
MCL's nay be needed in special
circumstances. In such cases the Agtncy
will consider the MCLC and other
pertinent guidelines. TBCs include
Health Advisories and the 10'6 risk;
based levels established by the
Cndangeraent Assessaent for coepounds
without HCls.
2) If collection/treatment ectivitics
require storage or treatment in tanks,
or containers or miscellaneous PCPA
units as defined in 2*0.10, then the
Facility must comply with the
substantive elements of 40 CFR 264.
Also, if wastes are transported off-
site, all applicable RCRA requirements
for generators and transporters aust be
attained.
3) Disposal of any hazardous residuals
must also take into consideration the
CIRCLA Off-site Policy.
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Water

1) Discharge water fres tra*^nt uni
aust &«tt or txcttd Clean Wate let
NPDES ptrait discharge lisitm
established for th« particular
discharge, depending on how eat vtert
discharge occurs. See State UJU.
TBCs includa 10"* risk lava*
established by the Endangeraast
Assessaent for compounds witfcnt KCLs.
2) Standards, including th« state's ust
designations and chemical lirfts, for
prevention of chronically tosic
conditions must be mat at tfepoir.t
cround water inf i l t ra tes ints
vatar.

3) HCl's a=d AWQC, under
DrinXing Water Act and Cleanttter Act,
aust be net for ground water at the
completion of cleanup. A stjsdird fcr
drinXing water sore stringent Gun MCl's
aay be needed in certain indnces. In
such cases, the Agency will ostsider the
MCl£ and other pertinent guiAtlnes.

4) 40 CTR 403 • General Pretaetatnt
Regulations for Existing and IB* Sources
cf Pollution • Identifies tr̂ a*nt
requirements for liquid wasta-streass
before these streams can be fisc&arged
to a publicly owned treatment varks
(POTW).

RCRA

Surface water/
diversion culvert

Surface water/
batching

1) ftCRA landfill closure
Clesure requirements - 40 CF11«<.31C.

3) Solid waste closurt - Re
solid waste regulations.

to Ohio

1) If activities require stag* or
treatnent in tanks, or eontaiars or
•iscellaneous RCRA units as ACntd in
2*0.10, then the facility BUS! eoeply
with the substantive elements* 40
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Soils in Wasta
excavation and en-
sit* treataent

Soils in waste Pit/
•xeavation and
incineration

264. Also, if wastes are trar.saarted
off-fit*, all applicable RCRA
requireaents for generators and
transporters will be attained far all
vaste transported off-site.

1) Fugitive dust control froit
and excavation; vapor and other
emissions during treataent of
eontaninated soils - requirements
the Clean Air Act.

SCRA

1) All requirements of 40 CFR
land Disposal Restrictions

Ail
1) Fugitive dust control frcn
and excavation; vapor and other
emissions during treataent -
requirements under the Clean Air act

2) State Implementation Plan
requireaents and applicable KSPSssd
KCSKAPs liaitations.

e
iles,

3) TBCs include modeling to dt
risk/liaits of any eaissions, v<
dioxins, etc.: particulate cont:
National Aafeient Air Quality St
for particles <10 aicroaeters {
24- hr PH10 standard is 150
aicrograas/cubic aetsr of air via) BO
acre that one exceedanee/year, ssssal
PM10 standard is 50ug/a3 based oaannual
arithmetic aean; and teaperature
secondary char.ber aaintained at
2200F with aininua residence tiatof l
second.

1) Performance standards, incl
requireaents for vaste analysis
acnitoring, inspections, and cl
See 40 CFR 2(4.340*264.351.
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2} Achieve destruction and raacval
efficiency (DRZ) of 99.99* for each
principal organic hazardous constituent
(POHC) .

3) Trial burn and trial burn plan par
40 era Sactiona 270.62 and 270.19.

4) If incinaration activities require
storage or treataent in tanks, or
containars or miscellaneous RCRA units
as defined in 2*0.10, than tha facility
aust comply with tha substantiva
alaaants of 40 CfR 264.

Wate-r

1) Any liquid hazardous vasta stre-er.s
resulting froc incinerator will have to
ba dealt with in accordanea with Federal
and Stata Water AJUfts dascribad above.

Soils in Vasta Pit/
excavation and jjj

vapor axtraction
1) Point sourca anissions rag-ulatei
by Claan Air Act.

Air ^ BCftA

Soils in waste
Pit/Excavation and
Off-site treatment

1) Excavation AAAKs as abova.

2) If vastas ara transported off-site,
tha facility Bust conply with the
generator substantive critaria of 40 CFR
2<2 and with tha disposal requirements
of CEKCU Section 121 ( d ) ( 3 ) , and
ensure transporter meats substantive
retirements of 40 crx 2*3. Off-site
disposal Bust Beat requirements of 40

.2 • I (Land Disposal Restrictions).



UNITED STATES DT/IRCNKEn'XL PROJECTION
REGION V

DATE:

SUBJECT
DRAFT

: water Div i s ion Review of the Bequest 'for XAARs for the Bucxeye
Reclamation Landf i l l Site in St. Cla i rsvi i ie Ohio

FROM: Charles H. Sutfin
Director, Water Division

TO: Basil G. Constar.teios
Director, Waste Management Division

The Water Division has reviewed tne subject document as
requested by the Office of Super fund, and has the following
corj.er.ts.

The site, located in Belmcnt County in eastern Ohio, a.ii
contains wastes associated with mining activities that occurred
ur.til about 1940. The site was licencensed as a sar.itary
lar.dfill in 1971, and accepted municipal and industrial waste.
The main threat to water quality at the site is from the nine
wastes , which create acid mine drainage (WO) and promote
leaching of metals from the "gob pile". Municipal wastes were
landfillcd in this area and covered by gob and native clays, so
AMD also leaches contaminants from the garbage.
This is an ur.giaciated area of Ohio that is dissected by
valleys containing small streams. The gob pile and waste areas
are in a valley below the crest of a ridge and in the drainage
ravine for King's Run. Bedrock outcrops in the area of the
ravine, displaying fairly horizontal structure. Ground water
use is restricted to wells drilled in the Benwood Limes ton ar.d
the tittle McManon Cr«t)( alluvial aquifer. Tne gob pile
currently contributes to recharge of botn water-bearing units.
Office of fireund Water

- It is the position of the Office of Ground water that the
RP's used the U.S. EPA Praft Ground Water Classification
Guidelines (GWCGS) incorrectly. The cwccs were intended to
classify ground water to provide differential protection to
naturally occurring ground water resources. The gob pile is
not a naturally occurring water-bearing unit, is not below
the land surface but rather rests on the natural surface,
and represents more of a contaminant source than a ground
water resource.
However, the gob pile is in hydraulic connection to the
alluvial aquifer along Little McMahon Creek, and the Benwood



Limtstcnt «t the site, which, by virtut of containing water
veils, would be Class XIa ground waters (current drinxir.c
water source). Because the gcb pile acts to recharge both
aquifers, OCW believes the final selected remedy shculd
include measures to minimize the hydraulic ccr.r.ecticr.7
including a full-site cap that at least meets Chio sclVd
waste d.sposal capping specifications. (T. Bailari, 3-1435;
rJgir.c tfa**r Section

- CERCIA Section 121 requires stltction of a Remedial Action
that is protective of human health and tht environment. The
interim guidance to implement this requirement was published
in tht rttftrai Be-qitt^r , "Super fund Compliance w;th
Applicable or Relevant and Appropriate Requirements" (52 12
32498; Ajgust 27, 1987). In selecting protective standards
for remediation of a contaminated water supply, the Safe
DrinXing Water Act (SDWX) serves to provide chemical-
specific applicable or relevant and appropriate requirements

- The MCls are the National Primary DrinXing Water Regulations
<N?rw7U promulgated at 40 era 141 pursuant to the ssw*.
The MCI* art the enforceable drinXing vater standards and
are applicable where the water win bt provided directly to
25 or more people or will bt supplied to 15 or mere service
connections. Hence, MCLs art applicable to public water
systems a/id art relevant and appropriate to private water
systems. Whtn MCls art applicable, they should at least be
met at tht tap. Whtn MCLs art relevant and appropriate in
other casts where surface water or ground water is or may be
directly used for drinking water, and in such cases , the
MCls should bt met in tht surface water or ground water
itself. Tht drinking vattr regulations art potential fcftAfts
for t_his sitt sine* tht Btnvood Limestone and Little McMinon
Creek aquiftr ar* rechargtd by infiltration from the gob
pile, and art use< :or drinJcing vattr.

- Whtrt surf act vattr is used for a drinking water supply.
MC1« may still bt potential AAMs; however, a sent of mixing
may bt allowed from tht point of discharge. This is usually
addrtssed in tht National Pollutant Discharge Elimination
System Permit process.

- furthtrmort, vhllt ncnpromulgattd guidanct are not potential
XRAAs, they art still to-be-considered (TBC) as part of the
sitt risx assessment and may bt used in detenr.ining the
necessary level of cleanup for protection of health or the
environment. TBCs art non-promulgattd advisories or
guidanct issutd by Federal or Statt govtrnmtnt that are not
Itgally binding. However, TBCS may bt considered along with
XftAJls. Examples of potential TBCS include health



advisories, refertnct doses, potency factors, and seccr.dary
drinking water standards, and propostd primary and
secondary drinking vatar treatment. standards.

In assuring that the) current drinking vattr standards art
used* vt havt enclosed the swst rtctnt updatt of the
DrinXing Vattr standards and Health Xdvisory Tabit for
rtftrtnct.

- Finally, as you know, tdjustatnts nay nttd to be madt to
thtst Itvtls vhtn XRXKs and othtr atltcttd criteria are
outsidt tht acceptable risk range. (S. Bianchin, (-9537)

Water Qualit

• Xs a rtsult of staffing constraints the Water Quality Branch
was unable to review tht subjtct document. No c orients
regarding surface vattr impacts or tht regulatory
req-j; regents of tht Clean Water Act potentially applicable
to this site art being provided at this time.

Than* you for tht opportunity to reviev this document. We
would appreciate receiving feedback on tht disposition of our
major comments, as this win enhance our ability to provide
useful input in tht future. Marginal notations by tht RPM on a
copy of this memo would bt sufficient, or a copy of any letter
stnt out to PR?s, contractor, ttc. Should you, or the R?M,
have any specific questions on 4 cownent, pltast contact the
appropriate reviewer.
cc: Don Bruce, 5HS-11

Xtn Tindall, 5HS-11

bcc: Carl
Harrison
Bianchin
Htnry

WTB;dc: Draft l:i/27/!9:Ctrcla ZI\f inalVbucktyt.arr
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articiF*tad to ocr-ir ov«r
crrtiin a *argifl of SAftty, to
r» Hfttlt.1 «v-*or;« art
lifttir* ^wores b&s«d en
tod city. C» a£/isorits art
guidvv* to assist radtraU, St
spills or oortaniriant sivjati

r«dtraa ttarxUrds

«?osurt durations. Htaitn advisories
tansitivt wttrs of tht population

for «-day, tan-day. Icnstr tara and
ing OB C4rci.-C9cr.ic «^cL-rj of

to Mrw 4S Wors*l t
local officials vhan mr^

ur. Uwy art not ccnstrjad as
* subject to crarqt as nav

is asxjrvd to bt a
is Cat e« boey

vattr ptr day is truest ad.
•viila&lt toxicolo?icaJ data
list ad in C* rtspactivt coU-ns*r cnt-day, to-day and Icr^tr

sitivt population «r,ity. Zncludatf i
of a child is 10 kg and trut ant littr

and ot^tar asr^-ptiens spacific to
HaaJtA M^isory v&l'jts hav*

ttrm

of
are

tcngar ttrw is dtfintd as a^r
lifttl*nt.
70-Cfl

tly 7 y«a.-s( or 10 p»rcarx of an L

tA Misery v&i-jts for tftt attt art 6>riv»- LI t^t
child. >$»:-*., ctrtAin ass-xptia art nada: ?« atl_l*.
and C9vx» 2 littrs of vitar

is
viy as for tr« :c-<;

tc w»:s-fc. 7C ̂

Xs v;*ji w 10-Jcg
7 y»a.*s or 10

Ion9«r tarn coor^rt is
of an ind:v:dj4:*s lifttun*.

Rtftrcxt rest:
(XDI ) , tftt AA is
population
Sit M5 is

fevwn as tnt tecfptadlt CKily Lnta)ca
«tiMtt of a daily ««?asurt to tnt -ir«r.

itivt fu&populatiGns) Cat is lUtly to bt
or dtlvttrieus tffacts ow a

\iUts of daily

tff

wttar) liter* * ĉ*urt leti. asrjiung 100 jarcarr.
fron tA*ta£'Jft. atVu'cn atfwst ncrrafcircvc-uc

tj would not fcexacted to occur. lr» &C. is dtrivad fra-
ivultiplylriv tht Wl^ C» adult totfy vti^nt (70k9) and dividad *.
tr» adult daily **m caMkr^ion (2 litars/day).

HaalCi Mvisory: !Ms«tu» is dr-.trminad &y factoring in oV*r
of •QO«urt to C» parrHia* ccmjminant. r^t rt;ati^ sourct

fron drinXing starts basad on actual e^esurt data. If data
\navi4 La£>:t, a vajut of 20 p»rcK is auovd for syrithvtic organic

and a vajut of 10 pevn asf^wd for inorganic tfwnical
Tr« lifrtijw Haalthansory is dtttrminad by nUtiplylng tna

c« rtlativt sourct ccntri^udB frai drinxuig wttr.

art
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^ 1Q*4 Cr1 *̂* frl^fc' *fcis colirn certains vvluts indicating tnt

a 10"4 oce&s lifttynt canctr risJc. Si-Tly sxattd. if a grop of
10.300 persons w ecjS?««d to the cxrr-arinant at its respective ccnctrtraticr.

in t^us col'jn. then cnt ind:v:£^i in tne yro^ iru^rt t» e^ecttd to
cjnctr (a^cv« bac>?7anf L-cidert) soltly fr?n c^csurt to

in drirjcme wvttr.

Offict of Htaltn and CTvirsrartj: \SM*wt (OOk)
vitMn EPX's Offict of *es«Arcn and Stvtlopwit (OO) tes o^v«lof«d
9uldtlin*s for carcjxigcn riix auesavn. ITitM yoia«lin« dixruu

tr» rnoext cat a r^ctanct is a caxci.-r«9«i. and classifying tnt
into cna cf fivt gro^a, Us«d on tftt ^i^nt of

A - RJ-AD caxcinogtn
1 * PrctA^lt 7ir«n caxcinogo

Group B con$;ni of rwc r^xiusific
Bj - linutad rtrtan tvidcr* x-. fufficitrn ar.ir*! tviderct
B2 - Sufficitm animal r»n^enct, Xt L^adac^jatt or no funan tvi
C - Pets it;* huran eajcinog«n
D - N5t class: f: ad as to n\r**. ca.*cino9«r.icity

7 E - r^ideTct cf nDnc«.-ci.-o;fr.jc;ty fcr

(•) r* codes for vw <r^r-^ ?«e and «*-at^ *a ccl-xrs art AS follows:
r - final
D - draft
L - list* fcr rtgu:«ticr.
r * pr^c»«d (P^aM II draft ?r??esAl, basad en itwls proposad in 1985

ftncr codes foxnd in tn* tatlt incl-jd* tnt
h9k • not
PS - F*.- -arct standard C.S J.?J - 1.0 WTJ
TT - tra-. «n t«c*rjq-j«
•• - no ffcrt tran $\ of tnt tarries ff«y t» positive. For ryvtans

C5ll*c-.irs ffwtr tnan 40 sarpias/vcRtn, no vort tnan I\ My fit
positive.

•*• . fuidare*
t * larg* discrepancies Ut^gj Lifttir* and Lender ttrw A vuuts

if«y occur bvcaus* of tnt ^^erry's ccnMrvati^ policies, especially
vitn rtfard to carcinaotr.icity. rtUtivv source ccntri&ition, and
Jess tnan lifr,^» c=7ar^es in cnroruc tcxicity tasting. Inest
factors can result in a cjuiativt UT (xsxertainty factor) of ao
to l.ooo tntn calculate; a Ufttira A.
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MGnonQLDGY

CryploapotkliNn

OtofdtoMmMTa

LagloiMtfa

Standard Plato Count

Plains I

L

F

F'

F'

Nirnwn_MGLQ MCL

ToM CoNorma (Currant) F

lolal CoMorra (aAar 12/31/90) F

Turhlcfty (bafora 1/1/91) F

Turbktty (aKar 12/31/90) F

Viruses F*

yoa

yes

zero f

zoro
*

NA

NA

zoro

NA

NA

zero

TT

TT

TT

vailos

**

1 andSNTU

PS

TT



!̂ MlNANLtGV till

Aw |ooo
Chaml™b

PaoB 10
GMCIs

I Sl.Tltn* i fmn/n

CNoikto
Color
Copper
CorrosMv
DfcMoratMnww -o
OfcMorobMuens -p

FhMNlrto

1 toxftchlorocydopanladtone
Iron

Oclor
Panlachlorophanol
pll
S*»r
Stiltelt ______________
Toluane
Told Obsolvod Solds fTO)
Xylane
Tine

P
F
F
F
F
P
P
P

F

F
F
F
P
F
P
F
P
F
P
F

0 05 to 0 ?
250

15 color unHfl
1

non-corrosive
001
0005
003
2
0.5
0000
0.3
0.05

3 threshold txlor piirpbof J
003
6.5 - 0.5
0.09

250
0.04

500
002
5

* Status Codas: P - pronosod. F - flnnl



RKUZAriOHS

QAC 3701-21,.

OAC 374S-1-OS(A)

QAC 3745-1-05(1)

QAC 3745*3*04
OAC 3745-3

OAC 3745-15-07

OAC 3745-15-OC

OAC 3745-17-05

OAC 3745-17-07

OAC 3745-17-01

Rules providing standards, procadurts, plan
approval/ abandonment of private watar
•ysce&j. *
Antidegradation policy for surface water.
Tha aoat stringent statutory and regulatory
controls for vast* treatment shall be
recuired by th« Oiraetor to b« aaployed for
all naw and axisting point sources.
Prohibited discharges to 4 POTW.
Chapter establishes pre-treataent
standards, raatrictions, reporting, etc.,
for diahcarges to a POTH.
Prohibition of air pollution nuitanee, rf:
escape of sacka, ashes, dust, dirt, gri^e,
acids, fuaes, gasaas, vapors, edcrs, or any
ether substances or ccr&ir.ations of
substances.
Malfunction of ec^Jipnent, scheduled
•aintanance, reporting.
Non-degradation policy - prohibits
significant and avoidable deterioration of
air quality.
Control of visible particulate emissions
fron stationary sources. No dlacharges
allowed over 20% opacity.
Restriction of emission of fugitive dust.

OAC 3745-17-09

OAC 3745-17-10

OAC 3745-17-11

Restrictions en paniculate emissions froa
incinerators.
Restrictions en particulate emissions from
fuel burning equipaent.
Restriction en particulate emissions fron
industrial processes.
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OAC 3745-11

OAT 37*5-lf

GAC 3745-21-03

OAC 3745-21-07

OAC 3745*21*01

OJLC 3745-21-09

OAC 3745-23-04

OJLC 3745-23-06

OAC 3745-25-03

OXC 3745-27

Sulfur dioxide regulations.

Open burning s tandards; requirements for
notification to, and peralssioft fr;c, Ohio

Hon-degradation policy i carbon aor.cxide,
otone, non-aethane hydrocarbons.

Control of emissions of organic materials
from stationary a cure as (include* a BAT

Control of carbon monoxidt •mlssionc.
Control of *sif>lons of rolatila organic
cenpcundt froa ttationary aoure««.
Kon-d«;radation policy (tiitficnt of
nitrog«n dioxidta to

Control of nitrog«n oxid«« *=i§sicr.a frcr.
at-atior.ary sourcts.

Emission Control Action Programs:
preparation for air pollution alarta,
warning*, and «Atrgtnci*t.
Solid vi tt a disposal relation*. Kett:
attached find a copy of portion* of th« new
solid vast« rtyulationa under OAC 3745-27
created by House Sill 592. The revised OAC
3745*2? regulations are only proposed at
this point and should be treated as 7BC (to
be considered) requireaente .
These regulation! are expected to becoAe
final in October, 1919, and vill then be
official AJUft's. While all of the aev
regulations in OAC 3745*27 trill be ARAA's
when finalised, the regulations which will
be especially iApertant to ths site
include i
1. 3745*27*10 Ground Vater Monitoring

Progrta.
2. 3745*27-11 final Closure of Sanitary

landfill Facilities.
- 3 -



OAC 3745-31-02

C&C 3745-31-05

QXC 3745-32-02

OA£ 3745-32-05

GXC 3745-33

QXC 3745-35

QIC 3745-36

OAC 3745-9

QIC 3745-57-01

3. 3745-27-14 ?o>:-Clofure Cart of
Sanitary Landfill facilities.

The solid waste l andf i l l siting criteria aa
stated in OAC 3?45-27-06(H) ( I ) apply only
to new landfil l! created either on-site or
off-fit*.
No person shall cause, pesait, or allow the
installation of a new source of air
pollution or ft new disposal system....
Criteria for decision by the) Director*
(Plans aust demonstrate best available
technology, and shall not prevent or
interfere with the attainment or
naintenance of applicable ajibient vater
Quality standards or anbient air quality
standards}.
Section 401 Water Quality Certification
required for any licensed activities which
may result in any discharge to vatere of
the State.
Criteria for decision by the Director fcr
issuing Section 401 water Quality
Certifications.
Ohio K?3tS permits for discharges of
pollutants to waters of the State.
Mr permits to operate and variances.
?erait requireaenta for discharges to non-
targeted POTWs. (Where a local authorized
pre-treataent prograa is not in place.)
Water well standards for new wells intended
for huaan contraption.
Hazardous wastei Invironnental Performance
Standards. Rule deals with location,
design* construction, operation,
maintenance, and closure of landfills,
waste piles, surface impoundments, and
underground injection well*.

- 4 -



OAC 3745-50-48

GiC 3745-50-62

CAC 3745-52

OAC 3745-53

OAC 3745*54*10
thru -18
QIC 3745*54-18

GAC 3745-54-30
thru -37

OAC 3745-54-50
thru -55
GAC 3745-54-70
thru -77
OAC 3745-54-90
thru -99

OAC 3745-55-01

OAC 3745-55-02

OAC 3745-55-10
thru -20

OAC 3745-55-40
thru -51
QAC 3745-55*70
thru -78
OAC 3745-5C-SO
thru -CO

Retirements for reccriing and reporting
oenitcrlng result!.

of
Benitcring

Trial burn.

Generator standards for hazardous vast*
which is generated either on-«it« or off-

Transperttr atandards for hazardous vast*
shipped
G«ntral facility standards (p«rsdttad
facilities).
Location standards (saismic and flood plain
considerations) .

and prevention.

Cor.tir.jer.cy plan and eaergency procedures.

Manifest syatem, recordkeeplng, and
reporting.
Ground Water Protection (including ground
water protection .standard, point of
compliance, monitoring prograaj.
Corrective Action prograa for ground vate:
protection.
RecordXeeping and reporting.
Closure and post-closure * new facility
standards.
financial rt^ulreneAts for closure,
pest*closurt/ liability.
Us* and itanageaent of containers.

Waste pilest design and operating

- 5 -



GAC 3745-55-90
991

De«Ic7i and operation of tanks.

3745-55-20
-34

QAC 3745-55-50
thru -CO

GAC 3745-57-01
ttra -II
GAC 3745-57*40
thro -51

GAC 3745-51

QAC 3745-66-11

OAC 3745-65-12

QAC 3745-6^-13

QAC 3745-66-14

GAC 3745-66-15

OAC 3745-66-1*

OAC 3745-66-17

OAC 3745-66-11

OAC 3745-66-19

OC 3745-66-20

OAC 3745-67-21

QAC 3745-67-51

and op^rition of aurfac*

op«r«t'ion of

Cle§ur« ptrfonunet standard.
Closurf plan; Xtr.er.î tp.t of Plan.

allowed for elo«ur«.

on of «Oitpcsal or
•truccuxtf, and soils.

Certification of elosxirt.
Survey plat - aubmittal to local toning
Authority.
Post-cloturt cart And uaa of property.
>ost*closurt Kan; Aawidntnt of ?laA.
?ost»closur» aetiets.
Certification of eosplation of post-eloaura
care.
Surface iapoundaent closure end post-
closure care (notei jnzst also «eet
performance standard 3745-66-11).
Waste pile closure and pest-closure care
(note i auat also aeet performance standard
3745-66*11),

- 6 -



3745-«7-80

CiC 3745-C8-10

(UC 374S-C8-S1

3745-C9-04

QIC 1501-21

3745-81-01
thru -55

CAC 3745-82

Land tr«Ata«nt unit elo*ur« And po*t-
closurt (not»t acit
•tAndard 3745-66-1:).

Landfill cloiur* And poit*elocur«
(not*i »u»t A l i *
3745-66-1:).

cle«ur«.
Clo«ur« of chtaiCAl, phyfieAl/ And

tr»Ata»nt
OAC rul*s for inuXng construction
/or and wtkin^ periodic inspections of

, dlk^s/ And l«vt«* (ODNR).
Drinking vat«r rults fincludti MCL's for
inorjar.ic chAjaicals, crgAnlc chts^calc, And
turbidity) .
Secondary contaainar.t ctandards.

• 7 -



LIST Of ARAK'S FOR TSZ
BPOUII RBCLAXATION UUOf ITL

OBC 3734 .02(F)

CRC 3734.05(0)

CRC 3734.02(H)

CRC 3767

ORC (111.04

fill.042

CM fill.45

ORC 1521.0*
associated
prownlgatejd

LAWS

Ho ptrtOQ shall store/ treat/ or dispose of
hazardous vista..'..

Tht hazardous vast* facility board shall
cot approve an application for a hazardous
waste facility installation and operation
permit....
Ho person shall engage in filling/ grading ,
excavating, building, drilling, or mining
on lafid where a hazardous vast* facility/
or a solid waste facility/ was operated
without prior authorization from the
Director.
Nuisance*! prohibition against ncxious-
exhalations or sr.elli, cbstr-jctior.s or
pollution of water courses/ ether
nuisances.

Act of pollution prohibited; exceptions.
(Pollution of waters of the State,
including surface water and ground water . )
Regulations requiring ccspliance with
national effluent standards; ether effluent
standards suy be established en a ease by
ease basis (discharge ef pollutants into
waters ef the State}.
Approval ef plans fer disposal ef waste;
plan approval by Director required fen
any facility which produces, treats, er
disposes ef industrial waste er materially
increases er changes in character any
industrial waste/ er Installs fer the
treataent er disposal ef such waste.
He daa, diJee, er levee can b« constructed
in ft watercourse unless a construction
permit has been issued by the Chief of
Division ef water.
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SUBJECT: Buckeye Reclamation Landfill ARARs

DATE* June 2O, 1990

Ohio EPA promulgated additional regulations pertaining to sal Id
waste land-fill* on February 12, 199O (effective March 1, 199C).
Consequently, the ARARs list provided to BftLJC and incorporated
by nt£ In the Reviwd FS eust be updated. Although this iceue
will be -foroAlly raised by Ohio CPA in the eoneents to the
Rwi»*6 FS, Abby Lavvlle and I decided to send you the net* solid
waste AftARs at this tiae to provide you with an early start on
any changes that «*y be needed in the Rvvised F3. Please
incorporate the attached addendua to the original AAAfts livt to
bring Ohio EPA's ARARs ue-to-date. Do not hesitate to centacrt ore
at »44—2924 i+ you h«v« any questions.



APPENDIX B

DETAILED COST ESTIMATES FOR EACH REMEDIAL ALTERNATIVE



APPENDIX B

A - 1 . INTRODUCTION

An important step in evaluating different remedial alternatives during a feasibility
study is comparing the costs of the various alternatives. To make this comparison,
detailed cost estimates are needed for each option that is required for an alternative. This
section discusses the methodology used to estimate the alternative costs for the BRL
feasibility study and also presents detailed cost estimates for each alternative.

A-2. METHODOLOGY

For each alternative, estimates were obtained for all capital costs and all annual
operating and maintenance costs (O&M costs) for that alternative. A determination of the
total operating and maintenance costs for the duration of the remedial project was also
made. The sum of the total capital costs and the total O&M costs for 30 years, discounted
to a base year and expressed as present worth, represents as the total cost of each
remedial alternative. The methods used to obtain each type of cost are presented in the
sections that follow.

A-2.1. Detailed Capital Costs

Capital costs consist of direct and indirect costs incurred during remediation. Direct
costs are primarily construction costs and include any materials, labor, buildings and
services, and disposal costs related to construction or one-time remedial options (such as
excavation and stabilization of soils, which would only be done once). Direct capital costs
were determined by finding a unit cost for each required item and calculating the total
direct cost for the required number of units. (For example, a unit price for installing one
cubic yard of clay in a multi-layer cap was obtained and the cost for the totat volume of
clay required for the cap was calculated.)

indirect capital costs consist of those costs not directly related to construction or
implementation of a remedial option. These costs include the price of engineering services
and allowances for contingencies and cost escalation (C&E) to cover unforseen
occurrences and escalation in the costs for tabor, materials, and equipment prior to or
during remediation. In the BRL cost estimates, engineering costs were assumed to be
10% of direct capital costs and C&E costs were assumed to be 15% of direct costs.
(Source. Handbook Remedial Action at Waste Disposal Sites. U.S. EPA, October 1985).



in the detailed capital cost estimates for this feasibility study, additional costs we re
also included for any material costs or decreases m productivity due to requirements for
additional health and safety protection (e.g., costs of-working in Level B. Level C. or
Level D personal protection equipment), The following multipliers were applied to the total
capital costs (when no special health and safety requirements were considered) to
determine the additional costs associated with each level of protection (see Costs of
Remedial Actions at Uncontrolled Hazardous Waste Sites. Worker Health and Safety
Considerations. U.S. ERA and SCS Engineers, March 1986, for more information):

Multiplier Used to Obtain
Level of Protection Additional Health and Safety Costs

B 1.07
C 0.89
D 0.60

These health and safety costs were included (where applicable) in the total capital cost for
each item m each remedial alternative.

The total capital cost for each remedial alternative is the sum of the cost of all
capital ite-ns needed for that alternative. The total capital cost for each item is the sum of
the direct, indirect, and health and safety costs for that item.

A-2.2. Detailed Operating and Maintenance Costs

The O&M costs for each alternative are the sum of the material, service, and labor
costs required to perform a long-term remedial task (such as on-site treatment of
leachates). These costs include labor costs for annual O&M of any equipment: and costs
for treatment chemicals, heating or power required by a remedial option. The O&M costs
were determined on an annual basis for each option that requires an O&M component.

A-2.3. Present Worth Analysis

To present the total cost of each remedial alternative in a form that would allow
meaningful comparison with other alternatives, a present worth analysis was performed as
recommended in Guidance on Remedial Investigations and Feasibility Studies Under
CERCLA. U.S. ERA, October 1988. A present worth analysis assumes equal yearly
expenditures for O&M during the lifetime of each remedial alternative. This total cost is
then discounted to a common base year (usually current dollars). This method allows cost
comparisons based on the amount of money that, if invested in the base year and spent
as needed, would actually be required to cover all remedial costs over the lifetime of the
remedial action.



For The cost estimates presented in this study, present worth analyses were
performed for each alterative assuming discount rates (after inflation and before taxes' of
5%. The lifetime {or period of performance) of a remedial alternative was assumed to be
30 years (as recommended in Guidance on Remedial Investigations and Feasibility Studies
Under CERCLA. U.S. ERA, October 1988). All O&M costs, unless otherwise specified, for
these alternatives were amortized for 30 years. For some alternatives, however, certain
remedial actions were assumed to be required for only 5 years (e.g., leachate treatment on
site when capping is performed, which dries leachate seeps). For these actions, the
present worth analysis was performed for only 5 years.

A-3. COST ESTIMATE SOURCES

Various sources were consulted to obtain detailed cost estimates for remedial
alternatives. These sources include vendor quotes, construction cost handbooks, and EPA
handbooks and guidance documents. When possible, the cost quoted by a vendor was
used for the cost of a specific option with costs from other sources used for verification
purposes only, in particular, costs from vendors located near the BRL site were pursued,
to negate any deviation from literature costs due to the local availability or absence of
materials or services.

A-3'1 Cost Escalation to 1990 Dollars

All cost estimates are presented in 1990 dollars. To escalate costs for materials and
services from a base year other than 1988 to 1990 dollars, the plant and equipment
indices regularly published in Chemical Engineering magazine (i.e., the Marshall and Swift
Equipment Index and the Chemical Engineering Plant Cost Index) were used. To escalate
1988 dollars to 1990 dollars, an inflation rate of 6.2% from 1968 to 1990 was assumed.
{Source: Means Site Work Cost Data 1990. RS Means Company, Inc.)

A-4. DETAILED COST RESULTS

The itemized, detailed cost estimates for each remedial alternative are presented in
the following tables. Each alternative should have, at a minimum, a summary table
presenting the total cost for that remedial alternative, a detailed capital cost breakdown
table, and a detailed O&M cost breakdown table.



Of M»r-

•uckeye Reclamation landfill
Protect Ho. 6022.8.2
Cost Uoikiheel lor RCRA CAP

CAPIIAL COSI MINI

landfill Preparation

Compaction testing- field density ol toil*
Cut I fill existing Material, 300MP doier. sh**f>slool

1 roll ronpactor. 150' haul, 2 p*sses. 1?" lilt
fence, chain link, 6* high 5 barb wire.

?" line post a 10-0 C . 1 5/8" lop rail
Grub slUMps, reanve. and burn
Site clearing, a*d trees lo 12" diaa>. . cut and chip

Cap

Clay, del ivered
Clay installation
Geo*ea*Mane
Sand, delivered
Saral installation
lopsoil. delivered
lopsoil installation

Revegetation

Hydratitic spreading (hydroseeding. line.
fertiliier and seed)

Mulching, hay
*• -fill t (?.(».'

Erosion Control ft UnderoYatn/leaehate Collection Sysl -

Sand, del ivered
Sand installation
lopsoil, delivered
•em installation
•utt-end fusion Machine
frosion control, jute nesh, stapled
Excavate earth. 1 cy power shovel. 6 • 20 cy

du*ptrailer>. 2-arile roundtrip
Filter fabric, polypropylene, laid in trench
NOff undcrdrain, 16", delivered
Riprap
Headuall construction

SUVIOIAl CAPIIAl COS IS

QA/OC <5X)

IOIAI CAP1IAI COSIS

Unit Cost

1I1S. 86 /day
11.18 /cy

111.1} /If

11.120 /ac
tl.SOO /me

119.00 /cy
»!.?/• /cy
tl.W /il

* Ift. 41 /cy
tO.SO /cy

112.00 /cy
*I.M /cy

4946.90 /ac

1H5.M /ac

(16.41 /cy
SO. 00 /cy

11? 00 /cy
11. U /cy

1905.00 /day
M.9S /sy
11.06 /cy

11.66 /sy
164.05 /If
Ml. M /cy

11.670.00 /ea

Ouanl ity

9OO days
11.011,021 cy

12.000 If
rf

72 ac
72 ac

391.6*1 cy
IV 1.6* 1 cy

*.9U.S20 si
2vS,240 cy
2V%,240 cy
1«1.6*1 cy
W1.655 cy

122 ac

122 ac

681 cy
6BI cy

l.fn cy
J."* <y

10 dnys
590. 4 m» sy

11,557 cy

9,4)4 sy
9,200 It
2.5/5 ry

2 «a

SuLlutal
Cost

1104,2/0
IS/,284,651

1111,800

195,040
1252.000

17,479.411
1499.919

115. 9W, 960
1S.416.S49

1216. 192
14,/̂ 1,B16

1671.147

1115.522

142,111

112. S40
1S45

145.100
112. /60
127, 150

IS 59. 126
141,484

115,659
1589,260
155,440
11,640

174.182,554

11.719,128

176.101.682

Health I
S«*"v levrl
of Protection

Hone
C

None

None
Hone

Hone
C

Hone
Hone
Hone
None
None

None

None

None
None
Hone
None
None
Hone

C

C
Hone
Hone
Hone

Capital
Costs

1104.270
170,468.168

IMS, 800

195,040
1252.000

17.479.411
1944. MS

1IS.942.9AO
1S.416.S49

1216.192
14.721,816

1671.147

1115,522

142,111

112.540
1545

145,100
112,760
127.150

1559.126
178.406

129.596
1589.260
155.440
11.640

1108.061.875

IS. 401. 094

1111,464.969

Pr iMf y
MeleiriM e

'

(PA
RS HCMIS. 1990

RS Means, 1990

US Heans, 19W)
RS Hvans. 1990

Vendor Quote
RS Means, IWO
Vnwtor Ouul c
Vendor Ou<>l r

RS Means, I9s>0
Vendor Quot-

lS Means, 1VVO

fPA

EPA

Vendor Quote
RS Means, 199U

Vendur Quote
RS Means, 199O

Vendor Ouole
IPA

RS Means. 1990

fPA
Vendor Quote

RS Means. 1990
Hi Meam. 19VO



07 Ma*

Buckeye fteclaMation landfill
Project Ho. 4022.B.2
Cost Worksheet for RCM CAP (cant.)

AOJUSIMiHIS IO CAPtlAi COSIS

Engineering Design <10X)
Construction Management
Startup C101>
tonds t PermiS (2.5X)
legal Fees <»>
Contingencies <20X)

IOIAI AOJUSUO CAPIIAl COS IS

Subtotal
Cost

Capital
Costs

ftii.7is.2S2
17,010.160
ftl.952.M2
12.541.OSO

S11.54A.i97
«,«16.6A
ftS.40S.949

ARHUAL COSIS

Inspect ton, anraMl
NAintenanre. erosion control and drainage
Maintenance, grass Mowing, level aieas
Maintenance, refertil iiat ion
Monitoring:

Gromlualer
Crounrlnater
1 rac hales
leachates
Surface water

O1N costs for • revegctaled area
•epairs resulling tram freece/thaw or shrink/swell forces

Unit Cost

4S77.OT /yr
»?1O.60 /yr
U2.18 /ac yr

1?6«.63 /ac yr

tl,76».00 /wl/rd
t 1.760 00 /wl/rd
» 1.760. 00 /wl/id
11,760.00 /wl/id
tt. 760.00 /wl/id
11.461 80 /yr

WJ0.60 /yr

Present Uorth
Ouwility Annual Cost <W yrs. l^^X)

10 yrs
10 yrs

Mi ac.SOyr
122 ac.SOyr

9 wl,*yr
14 wl.SOyr
2 sla.Syr
2 sla. lOyr
1 sta.SOyr

50 yis
W yrs

»S77
*?J1

»i.14S
112,09%

SS1.600
U9.200
*7. 040
t/.040

S10.S60
tl.464

ft?J1

ta.871
»S.*44

t79.099
ftSOS.oBI

1117. 1S9
•757.^7
UO.ifW

>10B.222
1162. 1S4
»22.S02ts.ws

Pi iflMry
fin

II'*
II A
(PA
(PA

Vrrsar
Vrrsar

Vrrsar
Vri sar
[PA
fPA

IOIM ANNUM COS1S «14o.l4S fti.aia.994

COSI SUMMIT
Present Uorlh

<W yrs. !•=%»)

lotal Adjusted Capital Costs
lotal Annual Costs

1 01 At COSI CSIIHAK KM CAP

ftl07.H1.275
»i,aia.994

ft18S.9IO.269



r
07 Mar

Buckeye Reclamation landfill
Protect Ho. 60??.a.2
Cost Worksheet for SIAMOAW LANOflll CAP

CAPIIAI COSI IUHS

Landfill Preparation

Compaction testing- field density of soils
Cut f. fill existing awterial. SOOHP doiev. cheeps foot

1 roll coapactor. ISO* haul, 2 passes. 12" lift
fence, chain link, 6' high J barb uiie,

2- line post 3 10*0. C., 1 5/6- top rail
Site clearing. «ed trees to 12" diaai.. cut and chip
Grub stuaps and reawve, burn

Cap

Clay, delivered, spread, coapacled
Clay installation
Sand, delivered
Sand installation
lopsoJI. delivered, spread, coapacled
lupsotl inslallalian

•evegetation

Hydraulic spreading (hydroseeding. lia*.
fertiliter and teed)

Mulching, hay

Erosion Control

•era installation
(i os ton control, jute avsh, stapled
Cflcavale earth. 5 cy power shovel, 6 • 20 cy

duaptrailers, 2-aiile round! rip
Filter fabric, polypropylene
Riprap

SUOIOIAI CAPIIAI COSIS

OA/OC <5X)

I01AI CAPIIAI COSIS

Unit Cost

1115.86 /day
11.6S /cy

sil. 15 /if
11.500.00 /ac
12,200.00 /ac

119.00 /cy

118.41 /cy
10.80 /cy

112.00 /cy
11.71 Ay

1946.90 /ac

11.48 /cy
•0.95 /sy
15.06 /cy

11.66 /sf
121.55 /cy

Ouanl ity

540 days
1.510.000 cy

12.000 If

17 ac
17 ac

280.720 cy
280,720 cy
140.560 cy
140.560 ry
280.720 cy
280.720 cy

87 ac

87 ac

5.250 cy
1/9.080 sy

7, 765 cy

50.600 sf
2.811 cy

Health &
Subtotal Safely level Capital

Coit of Protection Costs

14, 7551100

1155.800

181^400

11121288
11.568.640

1480,011

182.580

118.270

181.996
160,521

117.866,848

1891,142

118.760,191

Hone
C

Hone

Hone
Hone

Hone
C

Hone
Hone
Hone
Hone

Hone

Hone

Hone
Hone

C

Hone
Hone

162.562
18.987,517

1155,800

1129.500
181.400

15.111,680
»*' / J. H 1 a?

* 3 SAL SA9

ill?] 288
Il.l6a,640

1480.011

U2.580

110,045

118,2/0
1169.5/1
144, 908

181,996
160,521

122.417,510

11.121.8/6

12}. 559.186

Pi iMry
Reference

(PA
RS Means. 1990

RS Means. 1990

US Means. IWO
RS Means. 19VO

Venrior Ounir
RS Means. IWO
Vendor Ckiolr

RS Means. IWO
Vendor Quote

RS Means. IWO

CPA

IP*

RS Means, IWO
(PA

RS Means, IWO

(PA
•S Means, IWO
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O/ Mar-*

luckeye Heclaiaation landfill
Project No. 4022.8.2
Cost Worksheet lor SIAHDMO IAHOMU CAP (conl.)

AOJUSIMtNIS 10 CAPIIAl COStS
Subtotal

Cost
Capital
Coit

Engineering Design «OX)
Construction Management <1Ml)
Startup <10X>
•ends t Permits <2.SX)
legal fees <»>
Contingencies (20X)

tOUt AOJUSIED CAPIIAl COS IS

tl.a/6.019

Ili676ioi9
1469.OOS

12.W5.919

»/06,
t-5.n2.usa

ANHUAl COSIS

Inspection, annual
M»intenance. erosion control and drainage
Maintenance, grass aming, level afc«&
Maintenance, grass MM ing, sloped areas
Maintenance, refertil ixation
Monitoring:

Croundualer
Grounduater
leachates
leachates
Surface water

OftM costs for a revegetated area
Repairs resulting fro» frceie/thaM or shnnh/su

IOIAL ANNUAL COSIS

Unit Cost

•W.« /yr
1250.60 /yr
142. 18 /ac-yr

tlOI.OS /me yr
1269.6) /ac yr

1 1.760. 00 /ul/rd
11,760.00 /ul/rd
(1.760.00 /nl/rd
11.760.00 /ul/rd
11,760.00 /ul/id
ft1.46).BO /yr

ell forces 1250.60 /yr

Present Uorth
Quantity Annual Cost (SO yrs, i=SX) I

SO yrs
SO yrs
57 ac.SOyr
tt> ac.SOyr
87 ac.SOyr

9 ul ,%yr
14 ul.lOyr
2 sta.Syr
2 sta.lOyr
1 sta.SOyr

SO yrs
SO yis

1W7
I? 11

H.%61
15.0S2

185. 291

151,680
149.280
17.040
17.040

110. S60
11,464

1211

1198. 006

18,671
11.S45

125,989
177.670

1560.609

1157.W
1757, *W
150.480

1108.222
1162.554
122. 502
1S.54S

11.696.481

Pf I

I PA
(I'A
(PA
I PA
I PA

Verier

Vtrs.r
VPIsar
Versar
f PA
(PA

COS I SUMAftT
Present Uorlh

lotal Adjusted Capital Costs
lotal Annual Costs
I01AI COSI ESIIMA1E 9OH SlANOAM) LANOFIlt

*1.606.481



07 Mar

lot key* tectMMtion landfill
Protect Ho. 6022.8.2
Cost Worksheet for GKftJNDUAIER COUECIION <UNDf*DMIH> S1SICM

CAPIIAL COS I HEMS Unit Cost

Backfill earth. MONP dozer 1 roller coBpaclorc. ISO' heu 10.80 Ay
ft" lift. 2 passes

Null -end fusion Machine 1SOO.OO /day
Eftcavate earth. 5 cy power shovel, 8 * 20 cy duaptrailers 11,06 /cy

? Mile roundtrip
Filter fabric, polypropylene, laid in trench 11.66 /sy
HOPE underdrain. 10", delivered 16.14 /If
HDPf perforated underdrain. 10". delivered 16.78 /If
Sand, delivered 118 41 Ay
Sand installation 10.80 Ay

SMIOIAl CAPIIAL COSIS

OA/QC <*!>

IOIAL CAPIIAL COSIS

ADJUSIMEMIS 10 CAPIIAl COSIS

engineering Design <10X)
Construction Nanagcavm OSX)
Startup (10X»
•orate t Permts <2.H)
Legal fees OX)
Contingencies (20X)

IOIAL AfUUSUD CAPIIAL COSIS

ANNUAL COSIS Unit Cost

Inspection, annual 1S77.0S /yr
Maintenance, erosion control and drainage 12)0.60 /yr
OtM costs for a revegetated area 11.461.80 /yr

IOIAL ANNUAL COSIS

COSI SUMMMV

lotal AdiuMed Capital Costs
total Annual Costs

Health t
Subtotal Safety level

Quantity Cost of Protection

1.62) cy 11.298 C

8 days 14,000 C
1.208 cy 19.816 C

4.6SO sy 17.718 C
1.125 If 16.908 Hone
4.650 If 1)1,527 Hone

120 cy IS, 892 Hone
120 cy 1256 C

167.416

1S.S71

170.787

Subtotal
Cost

17.079
110.618
17.079
11.770
12.124

114. 147

Present Uorth
Quantity Annual Cost (10 yrs, i=SX>

10 yis SS77 18,871
10 yis 1?J1 1S.S4S
10 yrs 11.464 122.S02

12,271 114.918

Present Worth
(10 yrs, i:*X>

1148. ?44
114.918

Capital
Costs

12.4S4

17.560
tl8.V»l

114. S88
16.908

H1.S27
IS. 892

1484

187.966

U.198

192.164

Capital
Cost

19.216
111.8SS
19,216
12,109
12.771

118.47)

1148,244

Pt I*MI y
deference

•S Means. 1990

Vendor Quote
•S Means. 1990

tPA
Vendor Quote
Vendor Quote
Vendor Quote

US Means, 1V90

IOIAI COSI CSIIMAU 10ft UHOfROttAIN SfSIIN <U85. 16?



07 Mar

•ucfceye Reclamation Landfill
Project Ho. 60??.».?
Cost Worksheet (or HACK*If COUCCIION (flENCH MAIM) STSIIN

CAPIIAL COSI IHMS

Backfill, compacted, vibrating roller. 6-12- lifts
Butt-end fusion machine
Filter fabric, polypropylene, laid in trench
Gravel envr'-t*. c lushed bank run. scr*en*d (.Din. to .5
HOPE underlain. 4W

MDPf perforated under drain. 4-
Sand, del ivered
Sand inslatlalion

SUB IOIAI CAPIIAL COSIS

QA/OC (SX)

IOIAI CAPIIAL COSIS

Unit Cost

11.27 /cy
1500.00 /day

il.66 /sy
111.75 /cy
»l. 70 /If
11.87 /If

118.41 /cy
tO.M /cy

Quant ily

641 cy
5 days

1,521 sy
V67 ry

1205 If
9 It

825 fy
825 cy

Health A
Subtotal Safety level

Cost of Protection

181/ C
t?.soo c
12^528 C

111.165 C
12.049 None

117 Hone
115.192 none

1660 C

155. 126

11.756

156,885

Capital
Costs

11.545
14 725
14 \ 778

121.480
12.049

117
115 192
11^247

151.050

12.552

•55.5*2

PriMry
Reference

RS Means. 1990
Wenitor Ouote

RS Means. 1990
RS Means. 1990
Ventor Quote
Vendor Ouot e
Vendor Ouute

RS Means. 1V90

WJUS1 MINIS 10 CAPIIAl COSIS
Subtotal

Cost
Capital
Cost

Engineering Design <10X)
Construe11on Management (15X>
Startup (10X)
Bonds A Permits (2.51)
L««al Fees <5X>
Contingencies (20X)

IOIAI AOJUSIED CAPIIAL COSIS

11.688
15.552
11.688

11,106
17.577

10.017
15.558

110.716

185.999

AHHUU COSIS Unit Cost Oiuntity Annual Cost
Present Worth

OO yrs, i^X)
Pr

Inspection, annual
Maintenance, erosion control and drainage
OIM costs for a revegetatcd area

IOIAI ANNUAL COSIS

S5rr.O* /yr
1250.60 /yr

•1.465.M /yr

50 yrs
10 yrs
10 yrs

«?)1
SI, 46*

SA.671
•5.54S

»??.502

fPA
I PA
(HA

S54.918

COSI SUMMMT
Present Worth
(JO yrs. i-*>M

total Adjusted Capital Costs
lotal Annual Costs

IOIAI rOSI ISI IMAIE I OB KACHAIE COM If I ION

SB5.999
1U.918



07 -Mar-

•uckcy* teclaaation landfill
Project No. 6022.8.2
Cost l*Drh sheet for CHEMICAL I It A!* Ml

CAPIIAl C05I HEMS

Aerator
•era) installation
Clay, del ivered
Clay installation
(•caval* earth. 1 cy power shovel, A • 20 cy

2 Bile roundlrip
Ceoaaatrane
1 ia» pi ant
I ia» plant building
Riprap
Inptbll. delivered
lupsoil installation

SOll 01 Al CAPIIAL COS1S

OA/QC (.SX)

IOIAI CAPIIAl COSIS

AOJUSIH1HIS 1O CAP II At COSIS

Engineering Oecign <10X>
Construction Manaaeaam (1ML)
Startup <10X>
Bonds ft Peratis «2.iX)
ie«al fee* (It)
Cont ingenc i*« (2OX)

Unit Cost

12.%00.00 /unit
1MB. 00 AV
119. OO Ay
lt.2/ Ay

duaptrailers 11.06 /« y

11.00 /sf
11SO.OOO.OO /plant
IK. 000.00 /blily

121. %1 Ay
112.00 Ay
11.27 Ay

uuani ity

1 unit
2.644 <y
1.42* ty
U?/ cy

17.742 ey

Ul,%14 sf
1 plant
1 bl.ty

17 cy
714 cy
/I4 cy

Subtotal
Cost

»2.%00
1«91.672

127.111
1I.H12

1S4.291

111%. %42
11SO.OOO

11%. 000
1/97

ia.%6n
1V07

11.290.201

164, %10

11.1%4,711

Si4>lolal
tosl

1IJS.471
120 J, 20/
111%. 471
llI.AoA
140.641

1270.942

Health ft
Safety Level
of Protection

Hone
Hone
None
None
Hone

None
Hone
None
Hone
Hone
Hone

Capital
Costs

12.%00
1A91.6/2
1?7.111
11,812

1%4.291

111%, %42
11%O.OOO

11%. 000
1797

IB.%66
1907

11,290.201

164, S10

tl.lM.ni

Capital
Cost

11J%.471
1201.207
111%. 471
111.668
140.641

1270.942

Pr iMry
RrleieiKC

Vendor Otxiie
•S H«an&. 1V90

Vemlor OtMMt
• S Hewn. tv9O
• S Hewn, tWO

Vemtor Qtiole
Vrmlor Uiiotc
VeiMlor tttmtr

• S Mean-.. IWO
Vei*lui Ouotr

• S HTM .̂ IWO

IOIAI AO JUS1(0 CATIIAL COS IS 12,174.112

c



•uckcye •eclMMtion Landfill
Project Ho. 6022.B.2
Cost Uorfcsbeet for CWNICAl IIEAIHCHI (cool.)

AHNUAi COS1S

Inspection, annual
Maintenance, erosion control and drainage
Operational Costs:

labor
Sludge dredging and dewalering
Sludge transporalion and disposal
lia* (hydraied. dry)

Unit Cost

ISrT.OS /yr
WI0.6U /?'

US .00 /hr
W.20 /gal

Mil, MO 00 /yr
tTV.OO /ton

Ouant ily

M yrs
10 yis

1.000 hrs/yr
1.4?6f*O6 yal/yr

SO yis
76* ton/yr

Present Uorth
Annual Cost (JO yrs, i=SX)

1W/ M an

wn n.us
tn.ooo »SM.IU

»?85 ?00 S4,U4 ?S/
tltt.BM U./V4.JA
*60.4Ji t929(0U

P( iMry

(PA
It-A

10IAL ANNUAl COS IS

COSI SUMNMV
pf. . -I th

<JO yi-.. I *>X)

total Adjusted Capital Costs
lolal Annual Costs

101 At cosi esiimic ion CNCNICAI IHAIMEHI
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07 Mar

Buckeye fteclaMtion landfill
Project No. 6022.6.2
Cost Uorksheet for UCUANOS

CAPIIAL COS I Hi MS Unit Cost Quantity

Wetland Construction

Cattail installation S75.OOO.OO /me IB ac
Clay, delivered S19.00 Ay ?9.040 cy
Clay installation S1.?7 Ay ?9.040 cy
Oihe installation Si. 48 /cy 1.727 (y
fucavate earth. J cy power shovel. 6 • ?0 cy duajilrailers Si. 06 Ay US. 200 cy

2-»ile roundlrip
Ceoawabrane S5.00 si 7B4.OM $1
Luaeslone (Crushed) S2VOO Ay ?9.O40 cy
• iprap S?1.S1 /cy SO ty
Sand, delivered S18.41 /cy 29,040 cy
Sand installation SO BO Ay 29.0*0 cy

•evegetation

Hydraulic spreading (hydroseeding, liaw, S946.90 /me 2 ac
lerliliier and seed)

Mulching, hay SUS.14 /ac 2 ac

5MIOIM. CAPUA! COS IS

OA/QC (SX)

IOIAI CAPIIAt COSIS

ADJUSINfHIS 10 CAP 11 Al COS1S

engineering Design (10X)
Construction Hanageaent <1SX)
Startup <m>
Bonds 4 Per.lt l <?.«)
Legal fees (IX)
Contingencies (20X)

SiAitolal
Cost

S4SO.OOO
SSM.760
S16.M1
SI?, 970

S444.)l^

\2 ,y>2,2^Q
S7?6,000

SI, 077
SM4.74S
\2\.2\2

SI. 610

SSB7

ss.m.ui
Sft6.771

SS.W2.181

S.drtot.1
Lost

ssi9,?ie
StM)6.8?/
SSW.218
S1V4.ftOS
S161.76S

SI, 078.4)6

Health &
Safety Level
of Protection

Hone
None
None
None
None

Hone
Hone
None
Hone
Hone

Hone

Hone

Capital
Costs

S4SO.OOO
SSS 1.760
116. Ml
SI?. 970

S444.J1?

S?, )S?.?40
S7?6.OOO

SI. 077
SSJ4.74I

SI. 610

SSB7

SS.UI.214

S2S6.661

SS.I89.B7S

Capital
Cost

SSW.9B7
S808.4R1
SSW.9B7
SM4.747
S161.696

SI, 077,975

fr tiwry
•defence

Vemtor Quote
US Meant. 1990
US Means. 1990
US Means. 1V90

Vendor Quote
US Mrans. 1990
HS Means, 1WO
Vendor Quote

US Hcanb, 1990

If'A

II'A

IOUI AOJUSIED CAPlIAl COSlS S8.6S0.749



23-Apr-9*

Buckeye teclMMtion Landfill
Project Ho. 6022.8.2
Cost Worksheet for WFTLANDS (coot.)

ANNUAL COSTS

Inspection, annual
Maintenance, erosion control and drainage
OiM costs for a -re vegetated area

TOTAL ANNUAL COSTS

PERIODIC COSTS

Cattail Revegatation

Unit Cost

nrr.m /yr
S230.60 /yr

tl.463.80 /yr

Unit Cost

1210.000
1230,000

Quantity

50 yrs
10 yrs
10 yrs

Tear

50

Present Worth
Annual Cost (50 yrs, i=SX)

V>T7 U B/1
*211 S5.545

* 1.46* SZ2.M2

S2.2H S14.918

Present Worth

il 10,650
M5.222

•eterence

(PA
IP*
tPA

1163,852
-t Uorth

COST SUNNMY

Total Adjusted Capital Costs
total Annual Costs
Total Periodic Costs
TOTAL COST ESTIMATE fOR WETLANDS

»U.9tB

U.M9.M8
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ADDENDUM

This addendum contains modifications to the following eight
sections of text and appendices C through K which, together with
this addendum/ comprise the Feasibility Study Report for the
Ormet Corporation Superfund site located in Hannibal, Ohio.



I. GENERAL MODIFICATIONS

1. GROUNDWATER

Throughout the body of this report and in Section 5 of
Appendix F, this report suggests that alternate cleanup
levels (ACLs), as provided in Section 121 (d)(2)(B)(ii) of
CERCLA, may be appropriate for cleanup of the contaminated
ground water at this site. Based upon currently available
information, implementation of the alternatives in this
report to achieve cleanup levels set forth in the Safe
Drinking Water Act (MCLs and MCLGs), is practicable.
Therefore, pursuant to the NCP, ACLs are not appropriate for
this site. The preamble to the NCP provides:

"EPA interprets the CERCLA Section on ACLs not as an
entitlement, but rather as a limitation on the use of
levels in excess of standards that would otherwise be
appropriate for a site. Although the limitation refers
only to areas outside the facility boundary, EPA
maintains that the same principle holds within the
boundary (to the edge of any waste management area left
at the site), namely that such ACLs should only be used
when active restoration of the ground water to MCLs or
non-zero MCLGs is not practicable."

55 Fed. Rea. 8754 (March 8, 1990)

Additionally, Section 6 of this report repeatedly states
that there is no existing risk associated with ground water
at the site. Under current land use and engineering
controls in place, exposure to ground water is limited.
Absent such controls, however, and under potential future
land use scenarios, there is risk associated with exposure
to the contaminated ground water, as demonstrated in the
Baseline Risk Assessment. The carcinogenic risks posed to
the future resident were quantified at 2E-03 and 10 for
noncarcinogenic risks. (See RI Report Appendix R Table ES-5
and Table ES-8 for more details). There is no guarantee
that Ormet Corporation will be operating for many years into
the future and, therefore, there is no guarantee that the
Ranney well and existing interceptor wells will be continued
for a certain number of years. Conclusively, active
remedial response is an appropriate alternative to consider
for remediation of the contaminated ground water. See the
discussion on the appropriate utilization of institutional
controls in the Appendix F modifications cited below.



2. OAC 3745-54-18

Alternatives which include component CMSD-4, CMSD-5, CMSD-7,
or CMSD-8 include the use of rip rap or concrete revetments
to protect against washout of hazardous waste from a one-
hundred-year floodplain, as required by OAC 3745-54-18. As
currently presented, however, these engineering controls do
not meet this potential ARAR. Specifically, the use of
freeboard, which may be necessary because of wave action in
the Ohio River was not considered. Additionally, the
alternatives presented rely upon what may be an existing
levee, but this levee has not yet been characterized to
confirm its existence or that it would protect the CMSD from
a 100-year flood event. Finally, alternatives which create
CMSD seep collection trenches and sumps also must be
designed so as to be protected from a 100-year flood event.
These considerations, including concerns/issues resulting
from the anticipated consultation with the State of Ohio,
will be taken into account during design of the remedy in
order to assure compliance with OAC 3745-54-18. This also
modifies similar language in the following sections of this*
document:

* Section 4.3.5.4, Page 4-90, Paragraph l & 2
* Section 4.3.5.4, Page 4-92, Paragraph l
* Section 4.3.5.5, Page 4-92, Paragraph 1
* section 5.5.5, Page 5-34
* Section 6.3.1.2, Page 6-14, Paragraph l
* Section 6.5.1,2, Page 6-89, Paragraph l
* Section 7.1.2, Page 7-20, Paragraph 1
* Section 7.2, Page 7-21, Paragraph 1

3. VEGETATIVE SOIL COVERS

In regards to Ormet's discussions on the utilization of
vegetative soil covers for the FSPSA, the FDPs and CMSD
source areas, U.S. EPA has modified the text to state that
routine maintenance of the vegetative soil covers proposed
for the FSPSA, FDPs, and the CMSD source areas would be
implemented to prevent exposure to environmental receptors
(i.e. mammals and phytotoxicity) from the penetration of the
cover by burrowing animals and trees. Accordingly, the
Operation and Maintenance (O&M) costs associated with the
added dimension of this particular remedial measure will
remain categorized in th* low to moderate cost range as
state in the text. Therefore, the text does not require any
modifications regarding O&M costs. Additionally, the text
is modified to state that vegetative soil covers will not
comply with the closure standards in OAC 3745-27-11(0) for
closing areas containing solid waste. This discussion also



modifies similar language in Section 4.3.3.2, Page 4-37,
"CONCLUSION", last sentence, Section 4.3.4.2, Page 4-64 and
Section 4.3.5.3, Page 4-88.

4. RCRA SINGLE BARRIER CLAY CAPS VS. RCRA SINGLE BARRIER
SYNTHETIC PML CAPS VS. RCRA DUAL BARRIER CAPS

The distinctions between the two single barrier caps are
cited below:

Two types of single barrier caps are under consideration for
use in alternatives requiring containment of contaminant
source areas (i.e. FSPSA, FDPs, & CMSD). The differences
between the two single barrier caps considered
is that one utilizes a recompacted clay layer for the
barrier and the other uses a synthetic Flexible Membrane
Liner (FML) for the barrier. A cap which incorporates a
properly constructed clay barrier is structurally more
durable than an FML and therefore, is more reliable in the
long term. Overall, a clay cap is not as susceptible to
tears, cuts, perforations or seam failures as are synthetic
FMLs.

On Pages 6-55, 6-128, 6-164, 6-210, 6-256, and 6-296, the
text provides that the synthetic FML cap will meet OAC:3745-
27-ll(G)(l), which pertains to closure of solid waste
landfills. This is also true for the single barrier clay
cap, as indicated on Page 6-345. While the intent to meet
this ARAR is clear, the conceptual drawings of the single
barrier caps do not demonstrate that this ARAR is met.
However, should a remedy which incorporates such be
selected, then during remedial design, the conceptual
drawings will be refined to ensure that the construction of
the cap meets the requirements stated in the ARAR. For
purposes of determining whether or not the FML and single
barrier clay caps meet the Ohio ARAR, as currently presented
in the conceptual drawings in Section 5, they do not. A cap
will, however, be designed to meet this ARAR if it is part
of the selected remedy.
To combine the advantages of both the clay cap and the FML,
a dual barrier cap could be employed. This cap would
utilize a recompacted clay layer and an FML. Dual barrier
caps are inherently more reliable due to structural
redundancy and are typically used to contain hazardous
waste. This discussion also modifies similar language found
in Table 7-4, Page 7-37, "LONG-TERM RELIABILITY", Sentence
#6 and Section 7.4.3, Page 7-47, Paragraph 1, Sentence #8.



5. APPENDIX K

Despite the conservative assumptions (i.e. the hypothetical
placement of only two wells to intercept the plume, the
estimates for maximum drawdown and/or the total pumping rate
in Hypothetical wells #1 and #2, the assumptions that the
13% decrease in total cyanide removal will remain continuous
over time and that the leveling off of total cyanide
concentrations will occur at a value below 0.1 mg/l,etc...)
made by Ormet Corporation in its calculations of aquifer
restoration periods, this appendix demonstrates that
extraction wells placed closer to the Former Spent Potliner
Storage Area (FSPSA) source area would remove cyanide at
higher concentrations under GW-5 than under GW-3.
Accordingly, Appendix K is modified to state the following:

(1). The remediation of the FSPSA through treatment and/or
containment will further decrease the amount of time
necessary to restore the Ohio River Valley aquifer to
its beneficial use through the implementation of
either alternatives GW-3 or GW-5.

(2). It is likely that some combination of alternatives GW-
3 and GW-5, in conjunction with treatment and/or
containment of the FSPSA would provide an efficient
means of ground water restoration. However, if
alternatives GW-3, GW-5, or a combination of such
become a component of the Record of Decision (ROD),
selection of the exact number of wells and the optimal
locations of these wells will be refined in the
Remedial Design Phase of this project.

(3). It should be noted that, if only GW-3 or Gw-5 is
implemented, achievement of Maximum Contamination
Levels (MCLs) will take approximately four (4)
decades, whereas it is anticipated that the
combination of alternatives GW-3 and GW-5 may achieve
MCLs in a lesser amount of time.

(4). Well placement (i.e. at the center of the plume or at
plume boundary) for a ground water remedial action may
or may not affect Ormet's ability to attain the
substantive requirements of the existing NPDES permit.
Consequently, a treatability study to determine BAT
for the new surface water discharge may be necessary
to establish any modifications to the existing NPDES
permit. Although, Ormet Corporation states in this



document that this may cause delays for up to three
years, U.S. EPA believes the implementation of a
treatability study can be completed within a shorter
period of time. This paragraph also modifies similar
language in the following sections of this document:

* Section 3.2.1.3, Page 3-7, Paragraph 3,
Sentences #4, #5 & #6

* Section 6.10.1.1, Page 291, Paragraph 1,
Sentence #1

* Section 7.3.1, Page 7-31, Paragraph 4, Sentence
#4

* Sections 7.6.4 and 7.6.5 and Table 7-6, Pages
7-65 and 7-66

«• APPENDIX P

Appendix F is modified as follows:

A. INSTITUTIONAL CONTROLS

Section 3.2 of Appendix F is modified to reflect consistency
with CERCLA and the NCP with respect to the use of
institutional controls at Superfund sites. "Remedial
actions in which treatment which permanently and
significantly reduces the volume, toxicity or mobility of
the hazardous substances, pollutants, and contaminants as a
principal element, are to be preferred over remedial actions
not involving such treatment." [Section 121 (a) of CERCLA,
42 U.S.C. § 9621(a)]. Additionally, the preamble to the NCP
provides that "institutional controls should not substitute
for active response measures as the sole remedy unless such
active measures are determined to be not practicable [based
upon an evaluation of the 9 criteria]11. (55 Fed. £&g. 8702
(March 8, 1990). Because the effectiveness of institutional
controls is uncertain and because CERCLA and the NCP reflect
a preference for treatment, the calculation of health-based
goals for ground water, sediments and soils is warranted.

Furthermore, alternatives which employ containment and
treatment technologies presented in this report are suitable
to this site. Therefore, institutional controls will be
considered only to supplement engineering controls and
active remedial responses with respect to the contaminated



soils on site, ground water underlying the site, and
sediments in the Outfall 004 backwater area. This also
modifies similar language in the following sections of this
document:

* Section 2.11.2.1, Page 2-81, Paragraph 1
* Section 6.3.4.3, Page 6-29, Paragraph 1, Sentence #1
* Section 6.10.4.4, Page 6-316, Paragraph 1, Sentence #6
* Section 6.11.4.4

B. PCB-CONTAMINATED SEDIMENTS

The discussion of PCB-contaminated sediments relating to
ARARs/To-be-Considered (TBCs) presented in Appendix F is
clarified below:

TSCA and 40 CFR Part 761.60 are potentially action-specific
ARARs because they regulate the storage and disposal of PCB-
contaminated material. The PCB Spill Policy (40 CFR §§
761.120 - 761.139) is TBC for determining the level of
cleanup of PCB-contaminated materials (soils — Ippm
residential, 10-25 ppm industrial; sediments — SQC).
Additionally, the "Guidance on Remedial Actions for
Superfund sites with PCB Contamination", OSWER Directive #
9355.4-01 (August 1990), is TBC for determining cleanup
levels for PCB-contaminated sediments. It provides that PCB
concentrations of 100 ppm in residential areas, and 500 ppm
in industrial areas represent principal threats that should
be treated, while lower concentrations should be managed and
contained. These TBCs are not required cleanup levels, but
they may be "very useful in helping to determine what is
protective at a site, or how to carry out certain actions or
requirements". See preamble to the NCP at 55 Fed. Reg. 8745
(March 8, 1990).

C. REMEDIAL ACTION GOALS/LEVELS

The Agencies in the Record of Decision (ROD) will select a
remedy for the Ormet Corporation site. The Agencies will
utilize the information obtained during the RI/FS to select
a remedial alternative that satisfies the "threshold
criteria" of the NCP: protection of human health and the
environment, and compliance with chemical-specific, action-
specific (e.g., technology or performance-based standards)
and location-specific applicable and/or relevant and
appropriate regulations (ARARs). However, this decision
cannot be made until the Agencies have evaluated the
appropriate remedial action goals/levels which must be met
by the selected remedy. Ormet Corporation has utilized one
approach to develop what it believes are the appropriate
remedial action goals for this site. Ormet's approach fails
to incorporate risk-based clean-up goals as the Remedial
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Action Goals (RAGs) for the site. Rather, Ormet relies on
institutional controls to support its position that risk-
based goals are not warranted, except for soils in an
industrial use scenario. As discussed in General
Modification #6A, Ormet's reliance upon institutional
controls as a sole remedy for ground water and sediments is
inconsistent with NCP. U.S. EPA is appending an alternate
approach that may be considered by the Agencies when
selecting remediation levels in the ROD (See Attachment #1
for more details). Risk-based RAGs are warranted for this
site. Therefore, this discussion modifies Section 3.2 and
Section 5.0 of Appendix F.

Additionally, it should be noted that the preliminary goals
proposed by Ormet Corporation in this appendix did not
include and/or consider the following items:

* Additivity among chemicals within an exposure
pathway for the soil, groundwater and sediment;

* Subchronic exposures to future residential
children in groundwater;

* Dermal Route of exposure to PCB contaminated
sediments, because this was not a requirement of
the method utilized by Ormet Corporation;

* Ormet Corporation did not utilize the same
ingestion rate of sediments as did U.S. EPA
in the Baseline Risk Assessment (BRA). Ormet
used a much higher/more conservative ingestion
rate which would yield a higher RAG than that
calculated by the U.S. EPA;

* Ormet Corporation has a mathematical error in
the PAH remedial action goal calculations for
sediments. U.S. EPA could not reproduce
Ormet Corporations's calculations.

There are several different sources used to develop remedial
goals and clean up standards, (e.g. health-based goals,
ARARs, analytical method detection limits, background
levels, etc....). The selected goals and standards will
be documented in the ROD. Table F-13 and Attachment fl of
this Addendum indicate the clean up standards that will be
considered by the Agencies when selecting the final site
remedy.

11



7. REMEDIAL MEASURES SED-6 AND SED-8

The effectiveness of the installation of sheet piling and
concrete revetments, over contaminated sediments left in
place in the backwater area, to either eliminate, contain or
reduce exposure pathways for ecological receptors is
uncertain, however, the direct contact exposure pathways to
humans may be effectively blocked. More specifically, all
effectiveness discussions of Remedial Measures SED-6 and
SED-8, are modified to the preceding sentence because (1).
the hydraulic isolation for these contaminated sediments may
not be achieved, (2). the permanence of this technology has
not be proven and (3). the potential leachability of
aqueous phase contaminants exists. The following sections
of this document are also modified to the first sentence of
this paragraph:

* Section 4.3.7.6, Page 4-126, "EFFECTIVENESS"
discussion, 1st, 4th & 6th Sentences

* Section 4.3.7.6, Page 4-128, "CONCLUSION", Sentence
#3

* Section 4.3.7.8, Page 4-134, "CONCLUSION", 1st
Sentence

* Section 6.3.2, Page 6-18, Paragraph 2, Sentences #1
& #2

* Sections 6.4.2, 6.6.2, and 6.9.2

* Section 7.3.4, Page 7-33, Paragraph 1, Sentence #3

* Table 7-4, Pages 7-35 to 7-43, "REDUCTION OF ASSUMED
EXISTING RISKS" discussions for Alternatives 2
through 10

* Section 7.4.3, Page 7-47, Paragraph 1, Sentence #11

12



II. SPECIFIC MODIFICATIONS

1. Section 4.0 ASSEMBLY AND SCREENING OF REMEDIAL MEASURES

* Section 4.3.1.3, Page 4-14, Paragraph 1, Sentence #3 is
modified, because this "EFFECTIVENESS" discussion fails to
clearly indicate that the contaminant plume size will not
be reduced under remedial measure GW-3. Therefore, the
aforementioned sentence has been modified to read:

"This measure would continue to contain the mobility
and migration of the plume and its constituents
although plume size would not be reduced. This measure
will only contain the plume on-site. However, this
measure will continue to allow the plume to extend 2700
feet away from the source, thus contaminating a large
portion of the aquifer."

* Section 4.3.3.2, Page 4-36, Paragraph 1, 2nd & 3rd
Sentences are modified, because this "EFFECTIVENESS"
discussion fails to specify exactly how the risk-based
criteria for all medias (i.e. soil, air, and ground water)
will be met during the implementation of remedial measure -
FSPSA-2. Therefore, the aforementioned sentences have been
modified to read:

"This remedial measure would not significantly reduce the
toxicity, mobility, or volume of constituents within the
Former Spent Potliner Storage Area (FSPSA) or reduce
infiltration of contaminants into the groundwater medium.
However, this remedial measure would meet the soil risk-
based criteria by blocking direct contact and air transport
pathways."

NOTE: Tha aforementioned language also raviaea the
pertinent "EFFECTIVENESS" discussions for remedial
meaauraa FDP-2 and CMSD-3 (i.a. flection 4.3.4.2, Paga
4-64 and Section 4.3.5.3, Paga 4-88, respectively).

* Section 4.3.7.7, Page 4-129, Paragraph 2, is modified
to include the following statement between the 4th and 5th
sentences:

"Sinca the current location of the 004 Outfall may
interfere with remedial actions in the backwater areas and
the CRDA, the 004 Outfall may need to be relocated outside
of the CRDA and backwater areas."

13



2. SECTION 5.0 DEVELOPMENT OF SITEWIDE ALTERNATIVES

* Section 5.10.1, Page 5-60, Paragraph 1, Sentence #1 is
modified, because the text fails to identify the purpose of
installing the hypothetical interceptor wells closer to the
FSPSA contaminant source area. Therefore, the
aforementioned sentence has been modified to read:

"New interceptor wells would be installed closer to the
source of the plume to remove contaminant mass from ground
water prior to the plume reaching the Ooaet Ranney Well and
limit the migration of contaminants from the FSPSA
contaminated source area."

3. SECTION 6.0 DETAILED ANALYSIS OF SITE-WIDE ALTERNATIVES

* Section 6.3.5.4, Page 6-34, Paragraph 1, is
modified to add the following sentence at the end of the
paragraph:

"However, this sludge will be handled and disposed of as
hazardous waste because it will still contain cyanide, the
hazardous constituent for which the K008 wastes are
"listed" wastes. Therefore, OAC 3745-51-03, is a
potential ARAR."

* Section 6.10.5, Page 6-317, Paragraph 1 is modified to add
the following language after Sentence #1:

"The new interceptor wells would reduce the toxicity of
contaminant concentrations and would reduce the mobility of
the plume by limiting migration of the contaminants out of
the FSPSA source area. However, the volume of the plume
would not be reduced."

Please note that this language also modifies similar
language found in Section 6.11.5, Page 6-359.

4. SECTION 7.0 COMPARATIVE ANALYSIS OF ALTERNATIVES

* Table 7-1 has been modified to include two Tables 7-1 and 7-
la. Table 7-1 provides a comparison of each remedial
alternative component with the components of the other
alternatives. Each alternative component was ranked from
Poor to Excellent based on its technical merit for each
determining criterion. The Agencies believe this approach
provides a comparison of the overall protection, short- and
long-term protectiveness, and other important criteria of
each remedial alternative. See Attachment #2 for more
details. Table 7-la numerically ranks each remedial
alternative. Each remedial alternative was given a score of
1 through 10 (with 10 being the worst ranking) based on its
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technical merit as dictated by the nine criteria set forth
in the NCP except for cost-effectiveness and state- and
community-acceptance. Please note that the compliance with
ARARs-and the protectiveness criteria are considered yes/no
criterias and they have been identified as such in Table 7-
la accordingly. Furthermore, it should be understood that
for Alternatives 2 through 10 there compliance with ARARs
are contingent upon the modifications provided in this
addendum. See Attachment #2 for more details. For example,
Remedial Alternative 1 (No Action) is not protective of
human health and the environment, it does not comply with
ARARs, etc. Therefore, it ranked 10 in each category for a
total score of 40. The numerical rankings for each
criterion were summed to provide a "total" score for the
merit of each alternative. This provides a rough estimate
of the technical effectiveness of each alternative since it
is impossible to say that Remedial Alternative X is exactly
one point better than Remedial Alternative Y, The cost
criterion was not included in the ranking, but costs are
provided for comparison purposes. Cost should be
evaluated/considered with other balancing criteria (i.e.
Long-term Effectiveness & Permanence, Reduction of Toxicity,
Mobility, & Volume, Short-term Effectiveness,
Implementability & Cost).

In summary, the following Remedial Alternatives were given
the following Rankings:

Remedial Alternative 1 10
Remedial Alternative 2 9
Remedial Alternative 3 8
Remedial Alternative 4 2
Remedial Alternative 5 6
Remedial Alternative 6 7
Remedial Alternative 7 5 (tie)
Remedial Alternative 8 5 (tie)
Remedial Alternative 9 1
Remedial Alternative 10 3

As previously stated, each alternative was given a rough
score on its technical merit. Therefore, each ranking is
subjective in nature and is to be used only as guidelines
for the reviewer.

Table 7-2, Page 7-3 has been modified as attached. See
ATTACHMENT #3 for more details.

Section 7.1.1, Page 7-19, Paragraph 2, Sentence #3 is
modified, because Ormet Corporation fails to discuss the
advantages/disadvantages of implementing GW-5 versus GW-3.
Therefore the aforementioned sentence is modified to read:
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"Operation of interceptor wells placed closer to the source
(GW-5) is projected to result in the reduction of total
cyanide concentrations at the pumping wells to or below the
MCL in less than the amount of time approximated for GW-3."

Section 7.1.1, Page 7-20, Paragraph 1, Sentence #1 is
modified, because U.S. EPA has determined that the disposal
of the sludge from the ground water treatment system will
trigger the State ARAR OAC 3745-51-03(A)(2)(f). Therefore,
the aforementioned sentence has been modified to read:

"Sludge from the ground water treatment system will be
managed as hazardous waste under OAC 3745-51-03(A)(2)(f)."

Section 7.2, Page 7-21, is modified to add a new paragraph
between Paragraphs #1 & #3 to read:

"As shown in Tables 7-1 and 7-la, Alternatives 4, 7, 9, & 10
are protective of human health and the environment and rely
more on treatment or removal of hazardous constituents than
do other alternatives. For the most part, the remaining
alternatives generally address the direct exposure pathways.,
but rely more on institutional controls which have not been
proven to be permanent, and therefore, long-term
effectiveness is less certain. Of all the alternatives
presented, Alternatives 7, 8 and 9 would offer the most
protection over the long-term to human and ecological
receptors which would be exposed to ground water since these
are the only alternatives which would remove the readily
leachable contaminants from the FSPSA soils (the primary
source of the ground water plume). The other alternatives
rely on institutional controls and containment (capping) of
the source areas. If the current ground water measures are
not maintained (i.e. high volume pumping of the Ranney and
interceptor wells), the water table under the main source
area would rise approximately 6 feet or more, releasing a
concentrated "slug" of contaminants which would flow to the
CAC Ranney Well (if it is operating) or to the Ohio River
(if the CAC Ranney Well is shutoff)."

Section 7.4, Page 7-34, Paragraph 1 is modified to add the
following language to the end of Paragraph #1. U.S. EPA
feels this modification is necessary to specify for the
reader the advantages/disadvantages of all the caps
evaluated in this document. Please see General Modification
#4 above for additional details. Therefore, U.S. EPA has
provided the additional language below:

"The dual-barrier caps proposed in Alternative 4 would be
expected to be the most effective containment alternative in
the long-term. This is assumed because the characteristics
of FML and compacted soil caps tend to complement each
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other, so that the long-term effectiveness of the two
components together is greater than each alone. In
addition, each component tends to back up the other in the
event-of a failure of either."

Section 7.4.3, Page 7-47, Paragraph 1, has been modified,
because Ormet Corporation inappropriately concluded that
alternatives 2 through 10 would be reliable over the long-
term, because the Ormet site is part of an operating
facility with an established security force and maintenance
personnel. Additionally, this section should discuss which
alternatives has a greater chance of achieving permanence
if implemented at this site. Therefore, the U.S. EPA has
deemed the following modifications necessary:

A. The first sentence is modified to read, "The long-term
reliability and permanence achieved by Alternatives 4,
6, 7, 9 and 10 would be greater than that achieved by
Alternatives 2, 3, 5 and 8 since the former
alternatives rely more upon treatment or removal of
hazardous wastes and their associated constituents than
does the latter group."

B. The phrase ".....although the treatment results in
removal of soluble contaminants from soil and therefore
is permanent," is added to the end of Sentence #10.

Section 7.4.4, Page 7-48, Paragraph 1 has been modified to
include the following sentence between Sentences #3 & 14,
because U.S. EPA deemed it necessary to clarify for the
reader that contaminant concentrations are higher near the
source and therefore pumping near the source would capture a
more contaminated plume. Therefore, the additional language
has been cited below:

"However, contaminant concentration of the ground water
plume outside of the FSPSA may be reduced more rapidly under
Alternatives 9 and 10 by using interceptor wells on the edge
of the FSPSA."

Section 7.5.4, Page 7-55, Paragraph 1, is modified to
include the following language between Sentences #1
& #2, because the disposal of treatment residuals, which
will be generated from the Stabilization/Solidification of
disposal pond solids and backwater area sediments, will
trigger the requirements of State ARAR OAC 3745-51-03:

"This sludge will be so similar to that of K008 listed
waste, a hazardous waste containing cyanide, that the sludge
must be treated/managed as such pursuant to OAC 3745-51-03."

17



Section 7.6.1, Page 7-57, Paragraph 1, is modified to
include the following language between Sentences #2 & #3,
because U.S. EPA deemed it necessary to identify those
alternatives that may pose engineering difficulties during
and after installation of a cap (i.e. single, double,
synthetic (FML) cap, etc...). Please note that this may
occur in Alternatives 3, 5, 8 and 10 due to the absence of
treatment/stabilization of the disposal pond solids prior to
containment of any hazardous wastes left in place.
Therefore, the additional language has been cited below:

"Construction of the capping components over the FDPs under
Alternatives 3,5, 8 and 10 may pose engineering difficulties
associated with settlement of the unstable material in the
FDPs during and after installation of the cap."
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•• z
DEVELOPMENT OF HEALTH HTSK- BASED PRELIMIHARY REM3DIATION GOALS

FOR THE ORMST CORPORATION SITE

Preliminary. Remediation Qoals (PRQsl are concentration goal* for individual
chemical 3 and for specific nediuft and land use combination* ac a Suparfimri
site. The PRGs are chemical specific cl«an-up levels protective of human
health and the environment and comply with chemical sp«ct*lr ajipHrmhi*- or
Relevant and Appropriate Requiramanca (ARABS) . There arc two general sources
of chemical specific PROS: 1) r(Vm*nrr*rinn« h«»»rt on AJUAa and 3)
concentrations baaed on risk assessment. ARJUtS include concentration limits
**t. by nr.hpr wnvi T-nwn̂ nt-wl r»gni1ariona (e.g., non-aaro Maximum eenfcawj inane
level goals (MCWe) set under the Safe Drinking water Act (SWDA)).

The second source of PROS, and the najor focus oC this Attachment, is risk
aseaaammt or riik-baaad oaleulatiofio that oct concentration limit » uaiag
carcinogenic or noacareinogenic toxicity values under specific exposure
conditions. Thcac MtOC ar* «ie-r*lop«d to provide l*ng-c»i.«i L«xy«L« Iwt
remedial design and are used during Ch« Agencies' remedy selection process
fa or this site. Baaed oa cb* j.v*ulLu uC \.ltm lM««liu« risk asaa-ssveac for the
Ornet Corporation Site, reinediation is required for three media: groundwater,
aodiiiMuuu in k.i;ts b«uKw«t«x ttr«« and soils at tne »or«er uisposal vonos (reps) ,
the Foxvier spent Potliner storage Area (P3PSA) , the Carbon Runoff Deposition
Axe a (CXDA) and the construction Material scrap uump (O4>D) . The proposed
PRGs for each medium and/or contaminated source area are described as follows.

Proposed PRQs for Soils

The proposed remedial omasuras for soils at the aforementioned source areas at
the Ornet Corporation Site all include eliminating or blocking any future
hypothetical exposures (including ingest ion, ierwal or inhalation exposures)
to theee inatariala for cither human or ecological populations. When
remediation will result in eliminating an exposure (i.e., as by capping the
material) it is not necessary tc calculate PR3a since the exposure pathway
aoaumed in cha risk assessment would be incomplete .

PRCa for Croucdwa^ar

Tha baseline risk assessment included a future hypothetical
groundwater contaminatsd by the Croat site. A sat of PRGs can be developed
baaed on residential exposures by rearxwiiging rh* mpiMrinn which a*acriba*
risk, and solving for a connnnerAtion (the PRO) tnat corresponds to a eavget
risk level. Por carcinooens the f.arg«r r<«k }+*»! mnges £rom H-04 to i«-o«
and for noncarcinogens the target is a Hazard Index of 1.0. However, oaee an
MCL IH reached in groundwater, SPA genAruMy rrm«Hrt^r« r»m»di*ta.on coasttote.
s-ince moat of the contaminants of potential conoexn at this site havo NCLs.
Che proposed PR3 becones tha MCT.. Tnhl* ' «Hnw» th* «atiMacad aaroiaofeoie
risk for each chemical both at the chemical's MCI* and at its detection limit.
Tha table illustrates that, if »ll rh^ninn's were reetediatad to their
respective MCL or detection limit (if an KCL is not available) the estiaaced
ram dual ri «lr wmil 4 h*» npfrcximataly 18-03.



For noncarcinogens tha eama general methodology applies . :f arsenic. barium
and fiuonde are reduced to their respective MCL, those concentrations still
represent hazard quotients (KOs) greater than 1,0. The PRGs ror vanadium,
cyanide and nanganese can be calculated by setting their BQs 73 either 1.0 or
OS (th« hacard quotients for cvana.de and aanganese touvther must COM i i n
since th«ae two chemicals have similar toxir neurological affects) . Tibia i
indicates the selected PHGs for noncarcmoyenic zhanur*i* nf potential concern
in groundwater.

The sunniary section of Table 1 selects the most conservative (that is the
lowest vain*) for * r>hmHr»1 among the values calculated for aaravno^enic rxak
aad noncancer health effects.

It is not necessary LU calculate a PRS designed to be protective ot
environmental populationo ainee ehoac r*a*ptora *r* nob expoaad tu
groundwater .

Propoaed PRQc for Sediment

The baseline risk •asesament evaluated exposures to sediaent for two assumed
racepcors: a Ly^uLliaLluMl LiwwyMBBar and a future hypothetical resident. By
rearranging the equation for risk (including both oral and dermal exposure
H«i_iiw«y*) , PRO* can be calculated ror each carcinogenic eneKical detected in
the sediments in the 004 backwater area. Additivity anong chemicals oust alv-J
be accounced for in these calculations, wnlch means that the target risk level
(IB-06) must be apportioned among the seven carcinogens. This apportionment
can oe actueveo. in several ways. At this site the target risk was divided
approximately equally Among the carcinogens. This means Chat the target risk
lave] in the equation is IB-06 divided by seven, or 1.41-07.

Since the baseline risk assessment concluded that noncarc inogen s were not
contributing to adverse health effects, there IB no need to calculate PftGs for
nonoorciaogenic chemicals detected in the sediments.

Table 3 shows the PRQo resulting from this calculation.

since the sediment a are of ecological significance, the PROs for sediment must
also be protective of environmental populations. The jtaHinAnr C"*lity
Criteria (which are protective of ecological receptors) calculated for this
site by the Ormet Corporation in Appendix w *r» Mgh»r than tb* PBO« for human
health calculated in this Attachment (Table 2) . only toe lower number is
protective of b££b nuaan bealOi «nri th*

It must also DA nnt.ftH t.hAf PffAa ahould take into account addifcivicy acrooo
cnedia. The nypochetical future resident could be exposed both to groundwater
and the aedlflMnr.M. Knww, adding th« riaJe ac the PMe for codimcnt (IB 06)
co the risk achievable in groundwater (1.31-03) does not change tctal riek cw
t-.h* ĥ T»nf ĥ r i^al fv.tuea r««id*nt.



* i sn.tfTjm PWS wt ^nunum, owrr STTI

t iisJcet PK HC litttt
Cbtaical ML §a Dtt.luiit a atlaotim VUitt PM

tfMOic 5.0E-02 UZ-03 l.OE-02 2.3-C4 KL 5.01-02 1.1MB
B«MU 3.01-03 1.71-06 1.08-02 3.38*06 Kl 3.08-03 1.78-06

4.08-03 2.11-04 5.01-03 2.68-04 Kl 4.01-03 2.18-04
6.08-03 1.08*06 l.OfcKKf l./K-M WL 6.1MMW i.lNKft
2.08-04 l.lf-05 2.08-05 1.18-06 Kl 2,01-04 1.18-05

- g.owo z.wHfc I.WHA OL 2.oi-o» I.IIM*
0.01400 2.01-OS 1.18-06 DL 2.08-05 1.18-06
0.08400 2.0145 1.1*06 DL 2.0K06 1.S8-06

TettlChlotOttfeylne 5.08-03 3.1I-M l.OE-02 (.18-06 KL 5.01-03 3.1E-0&

nrU. 1.3E-03 4.H-04 1.58-03

inKUcnoos-sQBononc
AlMtic 5.08-02 2.21+01 1.08-02 1.38*00 NO, 5.08-02 2.28401
Btfin 2.08400 5.UtOO 2.08*00 5.28*00 Kt 2.08400 5.2E400
CViai* - 0.01400 1.01-02 1.58-02 IQ4.5 7.78-02 5.08-01
FlttOridft 4.08400 (.7I400 1.0f41 2.2K1 KL 4.08409 1.71400
HU9UW - 0.08400 1.51-02 2.08-C2 «H).5 3.18-01 5.01-01
VoariiUi - 0.01400 5.08-02 9.38-01 H>1,0 5.48-02 1.008400

il«lic 5.01-02 4.51*00 l.OE-02 9.0MH NCL 5.08-02 4.58400
Cymt* - n.fll+fln K01-A2 1.48-02 UhLO 7.41-01 1.08400
FlwridB 4.08400 I.IWO 1.01-01 4.58-02 Kl 4.08400 1.U4QO

sown or SELECTED PK»,
AzMak 5.01-02
Biria 2.01400
BttMtt S.Oi-03

4.01-03
6.01-01

BMSO<l)ffNM 2.0CHM
i4U«(i)iatfanoM* 2.01-05
&ttio(b)tta»rattom 2.01-05
C&TTMM a.oa-ot
Cyoidi 7.71-02

4.0MOO
3.11-01
s.4102



TABLE 2 SELECTED PROS FOR SEDIMENT, ORMET
(Target risk Icvol: IE-06)

Chemical
Calculated PRG, mg/kg

Trespasser Resident

Banzo(a)anthracene
Ban «u(a)pyr « n«
Banzo(b)tluoranthene
Benzo(k)rluoranthene
Chrysene
Idano(ir2r j-ca)pyrene
Polychlorinated biphenyls (PCB«)

1.1E1-01

1 . 1E+01
1.1E+01
1 . IE* 01
7.4E-02

4.3E+00
4.3E+00
4. 3 £+00
4.3E+00
4 . 3E+00

4.3E-02



ATTAOttiKl 2

TABLE 7-1 (REVISED)
SUMMARY OP REMEDIAL ALTERNATIVE EVALUATION

Rsswdtal

Alternative

1

2

3

Components of

Reiasdiat
Alternative

Ho Action

Ml extr. and treat.

Collect. /treat, of
•••pa

FSPSA-2 soil cover

FOP- 2 toll cover

Cmo-3 soil cover

CftQA-3 excav.,
conaol.

and soil cover

tCO-6 sht. pi I. and
rev.

Of extr. and treat.
Collect./treat. of

FSPM-4 svnth. cap

FDP-5 synth. cap

CMD-4 synth. cap

CROA-3 excav..
cenaol.

Overall Protection
of

ftMsn Health end the

Envfronssnt CT/H)

Ho

Ves

Tes

Yes

Yes

Yes

Ves

Ves

Yes

Yes

Yes

Ves

Yes

Yes

Compliance ufth

ARM* (Y/N)

Ho

Ves

Yes

Ves*

Yes*

Yes*

Ves

Ho

Ves

Ves

Ves

Yes

Yes

Ves

Long-Tersi

Effectiveness and

Peraenence

Poor

Excel lent

Excellent

Fair-Good

Fair-Good

Fair-Good

Good

Good

Excellent

Excellent

Very Good

Very Good

Very Good

Very Good
t

Reduction of Toxicity,

Mobility or Voluae

Poor

Good

Good

Fair

Fair

Fair

Good

Fair

Good

Good

Fair-Good

Fair-Good

Fair-Good

Fair-Good

Short -Tern

Effectiveness

Poor

Excellent

Excellent

Good

Good

Good

Good

Good

Excellent

Excellent

Good

Good

Good

Good

,

lapleaentability

Poor

Excellent

Excellent

Very Good

Very Good

Very Good

Very Good

Very Good

Excellent

Excellent

Very Good

Very Good

Very Good

Very Good

PU

Cos
t

to

lib
,4M



4

5

•nd synth. cap

SEO-Sdradg.. «olld..

consol. H/CNSO

•nd contain.

GU extr. and traat.

Collact./traat. of

FSKA-3 dual barrlar
cap
f»T-7 dual barrlar
cap
CMD-S dual barrlar
cap
OM-3 axcav..
conaol.
and dual barrlar cap

ffb-a coaplete
dradi..
solid, and comol.

H/CMD and contain.

Ol axtr. and traat.
Collact./treet. of

F*MA-9 part, aiicav.
M/

off-alta dlapoaal

aynth. cap

Yes

Yaa

Vaa

Vaa

Yaa

Yaa

Vaa

Vaa

Vaa

Vaa

Vaa

Yes*

V**

VM

Vaa

Vaa

Vaa

Vaa

Vaa

Vaa

Vaa

VM

Very Good

Excellent

Excel I ant

Excellent

Excellent

Excellent

Excel lent

Excel lent

Excellent

Excellent

Very Good

t

Fair-Good

Good

Good

Good

Good

Good

Good

Good

Good

Good

Very Good

Good

Excellent

Excel Lent

Very Good

Very Good

Very Good

Very Good

Very Good

Excel lent

Excellent

Good

Good

'

Excellent

Excel lent

Very Good

Very Good

Very Good

Very Good

Good

••*.-..

Excellent

Excellent

Very Good

119
.4M

>32
.4H



6

fW*-5 synth. cap

CMSO-4 synth. cap

CtOA-3 excav.,
consol.

and contain.

SED-8 dradg., solid..

consol, H/CNSD

and contain.

GU extr. and tr*at.

Cottoct./trMt. of
aevpa
FSTSA-9 part, excav..

contain, by syntti.
cap

FOf-3 stabit. and
aoU

cover

CMB-7 coaplete
•xcav..
thana. ox id., aynth.

cap
MOA-5 axcav., th«r».

oxidation
SED-7 coapUta
drodf..
solid, and conaol.

Yes

Yes

Y*s

TM

Ye»

V*S

Yes

Vaa

VM

Yes

Yas

Yes

Yes

Yes

Vest

Y*s

Yes

Yes

Yea*

Vas

Yes

Yes*

Very Good

Very Good

Very Good

Very Good

Excellent

Excellent

Very Good

Good

Excellent

Excellent

Very Good

,

Fair-Good

Fair-Good

Good

Fair-Good

Good

Good

Good

Good

Very Good

Very Good

Good

Good

Good

Good

Good

Excellent

Excellent

Good

Good

Good

Good

Good

Very Good

Very Good

Very Good

1

Good

Excellent

Excel lent

Very Good

Very Good

Fair

Fair

Good

*21
.4H

tl?
3H



7

a

GU extr. and treat.

Collect. /treat, of
seeps

FSPSA-6 In-sftu soil

flush., contain, by

veg. soil cover

FOP-7 solid, and dual

barrier cap

CMSD-7 complete
excav..

them. oxid. , synth.

"P
CftM-5 excav.. therm.

oxidation

CEO-9 collet*
dreda..
treat, by solvent

extract., consol. w/

OtfO, svnth. cap

fiy extr. and treat.
Collect. /treat, of
aaapa

FSPSA-6 In-sftu soil

flush., contain, by

aynth. cap

FOf-5 contain, by
synth.

cap

Yes

Yes

Yes

Ve*

Yes

Yea

Yea

Yes

Yes

Yea

Yea

Yes

Yes

Yes

Yes

Yes

Yea

Yes

Yes

Yea

Yes

Yea

Excetlent

Excellent

Good

Very Good

Very Good

Very Good

Very Good

Excellent

Excellent

Excellent

Very Good

Good

Good

Good

Very Good

Very Good

Very Good

Good

Good

Good

Good

Good

Excellent

Excellent

Good

Good

Good

Good

Good

Excellent

Excellent

Good

Good

Excellent

Excellent

Good

Very Good

Fair

Fair

Good

r-

Excetlent

Excellent

Good

Very Good

111
4H



9

CNSO-4 recontour. and

contain, by synth.

cap

CROA-3 excav..
consol..

and contain, by

•ynch. cap

SCO -fl part. dredg..

•olid., comol. w/

CNSD and contain.

CM *xtr. and traat.
Cotlact. /treat, of
MOpS

FSPSA-9 part. excav.
H/

l.f., contain, by

synth. cap

FOf-7 •olid.,
contain.

by •vntti. cap

CMD-7 coapt. axcav..

than), oxld.,
contain.

by tvnth. cap

CMM-4 excav. u/l.f.

$a-4 coapl. dredg..

•olid., l.f. of

Yes

Ves

VM

Vw

Va«

V*a

VM

YM

VM

VM

Yes

Ves

Yes*

VM

VM

VM

VM

YM

VM

VM

Very Good

Very Good

Very Good

Excellent

Excellent

Excellent

Very Good

Excel lent

Very Good

Excellent

Good

Good

Good

Good

Good

Very Good

Good

Very Good

Very Good

Very Good

Good

Good

Good

Excel lent

Excellent

Good

Good

Good

Good

Good

Very Good

• Good

Good

Excellent

Excellent

Good

Good

Fair

Good

Good

sw
.4H



c

10

dredged sedla»nts

GU extr. and treat.

Colloct./traat. of
seeps

fSPSA-tO contain, by

alngl* barrier

clay cap

FDf-10 contain, by
alngla barrier

clay cap

CMO-ft raconteur, and

contain, by alnale

barrier clay cap
OM-3 axcav.,
comol..

contain, by single

barrier clay cap
SEft-10 drodi.
backMatar

area and river
tadlM..

treat, by wild..
comol. w/OtSO.

and contain.

Vas

Vac

Tea

Tea

Yea

Vea

Tea

Yes

Yes

Yes

Yes

Yea

Yea

Yes

* • NMta fadaral Mtta for solid Mast*, but not State of Ohio AftAta

* - Nay not attain TK-baoad clean-up ooalt

Excellent

Excellent

Very Good

Very Good

Very Good

Very Good

Very Good

-

t

Good

Good

Good

Good

Good

Good

Good

Excellent

Excel lent

Good

Good

Good

Good

Good

Excellent

Excellent

Very Good

Very Good

Very Good

Very Good

.-,

Good

SU
Ĥ

ue
N



TABLE 7-la
SUMMARY OF REMEDIAL ALTERNATIVE EVALUATION

Remedial

Alternative

1

2

3

Components of

Ream). Alternative

No Action

CU extr. and treat.

Collect. /treat, of seeps

FSPSA-2 soil cover

FOP-2 soil cover

CNSO-3 soil cover

CRDA-3 excav., consol.

and soil cover

SED-6 sht. pil. and rev.

GU extr. and treat.

Collect. /treat, of seeps

FSPSA-4 synth. cap

FOP- 5 synth. cap

CMSD-4 synth. cap

CROA-3 excav., consol.

and synth. cap

SED-8 dredg., solid..

consol. u/CMSD

Overall Protect.

Hum Health and

th* Environment

NO

Yes

Compliance

Kith ARARs

NO

TES

long- Ten*
Effectiveness

I Peraancnee

10

9

Reduction
of Tontcity,

Mobility / Voluat

10

9

Short -Term

Effectiveness

10

9

lapleMnt..

10

1

Overall

SCOT*

40

28

PU

Cost

to

SIS. 4
H



4

5

and contain.

GU extr. and treat.

Collect. /treat, of seeps

FSPSA-3 dual barrier cap

FDP-7 dual barrier cap

CMSO-S dual barrier cap

CRDA-3 excav.. consol.

and dual barrier cap

SED-fl coaplete dredg..

solid, and consol.

u/CHsO and contain.

GU extr. and treat.

Collect. /treat, of seeps

FSPSA-9 part, excav. u/

off-site disposal

synth. cap

FDP-5 synth. cap

CHSO-4 synth. cap

CKDA-3 excav., consol.

and contain.

SED-S dredg.. solid..

consol. u/CMSO

and contain.

Yes

Yes

Yes

YES

YES

YES

8

5

6

8

6

7

a

i

4

2

•

3

5

26

15

22

$19.4
M

«32.4
N

S21.4
N



6

7

GU extr. and treat.

Collect. /treat, of teepa

FSPSA-9 part, excev..

contain, by synth. cap

Ft* -3 ttabil. and aoil

CKSD-7 collet* excav..

them, oxld., synth.

______ £2E ——————
OOA-5 excav., them.

oxidation

Sto-7 coaplete dredg..

solid, and consol.

GU extr. and treat.

Collect. /treat, of seeps
FSPSA-6 In-sltu soil

flush., contain, by

veg. soil cover

FOP-7 aotfd. and dual

barrier cap

CNSO-7 coaplete excav..

them, oxid., synth.

cap

CRDA-5 excav., them.

oxidation

Tes tES 1 3 7 8 24 t123N



f

6

9

SED-9 ccMplete dredg..

treat, by solvent

extract., consol. u/

CTSO, synth. cap

GU extr. and treat.

Collect. /treat, of seeps

FSPSA-6 In-«ftu soil

flush., contain, by

synth. cap

FOP- 5 contain, by synth.

cap

CMSD-4 recontow. and

contain, by synth.

cap

CRDA-3 excav., consol..

and contain, by

tynth. cap

SED-6 part, dredg..

solid., consol. u/

CMSO and contain.

GU extr. and treat.

Collect. /treat, of seeps

FSPSA-9 part, excav. w/

l.f., contain, by

Tes

Yes

TES

TES

2

7

2

4

6

3

9

6

19

19

S124M

S19.4
N



10

•ynth. cap

fW-7 solid., contain.

by synth. cap

CNSD-7 ceepl. excav..

them, ox Id., contain.

by synth. cap

OHM-4 excav. u/l.f.

SED-4 coapl. dredg..

Mild., l.f. of

dredged aedlamt*

GU extr. and treat.

Collect. /treat, of satpa

FS»SA*10 contain, by

single barrier

clay cap

FOP- 10 contain, by

•Ingle barrier

clay cap
CMSO-0 raconteur, and

contain, by slnfla
barrier clay cap

CMM-S axcav.. contol..
contain, fay tingle

barrier clay cap

$£0-10 dredg. backtiater

area and river «tdfe)..

treat, by solid..

consot. u/CHSD,

and contain.

Yet

"L

TES

YES

3

4

1

i

—— 1 ,

2

5

1

7

4

14

18

*14SN

*48N



-MTACIiMENT =3

Table 7-2 is modified in the revised Table 7-2 and/or as follows:

"U" for Attainment is uncertain has been added

OAC:1501-21-5, -11, -13, -15, -21
The ability of alternatives 2 through 10 to attain these

potential ARARs is uncertain because the levee has not yet been
characterized. However, if any one of these alternatives is
selected as the remedy for the site, it will designed to meet
these potential ARARs.

OAC:3745-1-04(0)
The ability of alternatives 2,3,5, and 8 to attain this

potential ARAR is uncertain because PCBs and PAHs may slowly
leach out from these containment remedies.

OAC:3745-1-06
This regulation is an administrative requirement and is,

therefore, not a potential ARAR.

OAC:3745-1-32
This regulation is not a potential ARAR, but is a TBC

because it identifies the designated uses of the Ohio River.

OAC:3745-9-ll
This regulation is not a potential ARAR because no

alternative involves the use of ground water wells for disposal.

OAC:3745-18-04 A, B, C, E, F
This regulation is added, is not pertinent to alternatives

1, 2, 3, 4, 5, 8, and 10, and will be attained by alternatives 5,
6, and 9.

OAC:3745-19-04
This regulation is not a potential ARAR because none of the

alternatives include open burning.

OAC:3745-21-03 B,C,D, Methods of Ambient Air Quality Measurement,
OAC:3745-23-01, Nitrogen Dioxide Ambient Air Quality standards
and OAC:3745-23-02 a,b, Measurement Methods for Nitrogen Dioxide
are added as potential ARARs.

OAC:3745:27-07 A, B
These regulations are not environmental standards, and are

administrative in nature. Additionally, no permit is required
for on-site activity. Therefore, these regulations are not
ARARs.

OAC:3745-27-08 C, D, Construction Specifications for Sanitary
Landfills and OAC:3745-27-09 C, L, N, O, sanitary Landfill
Facility operations replace the references to these citations in
the original Table 7-2, and are pertinent to the alternatives
which include additional waste being placed in the CMSD.



OAC:3745-27-10 B,C,D
Alternative #4 would attain this requirement.

OAC:3745-27-ll B,G
Alternative #4 will attain this requirement. Alternative #s

2,3,5,6,7,8,9, and 10 will be designed to meet these regulations.

OAC:3745-27-llA
This regulation is an administrative requirement and is,

therefore, not a potential ARAR.

OAC:3745-27-12B, -13E-G,J
These regulations are administrative requirements and are,

therefore, not potential ARARs.

OAC:3745-27-14A
Alternative #4 will attain this potential ARAR.

OAC:3745-50-44, -44B, -44C1, -44C2, -44C3, -44C4, -44C5, -44C6, -
44C7, -44C8, -44C9

No permit is required for on-site remedial actions and these
requirements are not environmental standards. Rather, they are-
administrative requirements and, therefore, are not potential
ARARs.

OAC:3745-50-58 A,H
These regulations are not potential ARARs because no permit

is required for on-site remedial actions and because they are
administrative requirements.

OAC:3745-50-221 A,B Petitions to Exclude Listed Waste at a
Facility has been deleted because it is not a potential ARAR.

OAC:3745-52-20, -22, -23, -30, -31, -32, -33, -34
These regulations are pertinent to all alternatives which

contemplate the transportation of hazardous wast* off-site and
are, therefore, added as potential ARARs.

OAC:3745-54-14 A,B,C and -15 A,B
Alternatives 2 through 10 will attain these requirements.

OAC:3745-54-18 A,C
These regulations are not potential ARARs for this site

because the site is not located within 61 meters of a fault which
has had displacement in Halocene times, nor in a location where
salt domes/bed formations, underground mines, or cases are
present.
OAC:3745-54-18B

Alternative 2 will not attain this potential ARAR.
Alternatives 3, 4, 5, 6, 7, 8, 9, and 10 will be designed to
attain this potential ARAR.

OAC:3745-54-32, -33, -34, -35, -37



These regulations may be independently applicable safety
requirements, but because they are not environmental standards,
they are not potential ARARs.

OAC:3745-54-52, -53, -54f -55, -56
These regulations are not potential ARARs because no permit

is required for on-site activities and becuase they are not
environmental standards.

OAC:3745-54-94, -95, -96, -97, -98, -99
Alternatives 2 through 10 will attain this potential ARAR.

OAC:3745-55-01, -11
Alternatives 2 through 10 will attain this potential ARAR.

OAC:3745-55-12, -16, -18, -19
These regulations are not potential ARARs for this site

becuase no permit is required for on-site activity, the
requirements are administrative requirements, and they are not
environmental standards.

OAC:3745-55-14, -17B
Alternatives 2 through 10 will attain this potential ARAR. "

OAC:3745-55-71, -72, -73, -74, -75, -76, -78
Alternatives 2 through 10 will attain these potential ARARs.

OAC:3745-55-92, -93, -94, -95, -96, -97, -98
These regulations are not potential ARARs because none of

the alternatives employ a tank system.

OAC:3745-56-21, -26, -27
These regulations are not potential ARARs for this site

because they pertain to new surface impoundments.

OAC:3745-56-28 A, B, C
Alternatives 2, 3, 5, 6, 8 and 10 will not attain this

potential ARAR because they do not demonstrate that they have 1)
a bearing capacity to support the final cover, 2) that the covers
will provide long-term minimization of the migration of liquids
through the closed impoundment, and 3) that they accomodate
settling and subsidence, as specified in the regulation.

OAC:3745-56-51, -54, -56, -58, -59
These regulations have been deleted from the list of

potential ARARs.

OAC:3745-59-07, Waste Ananlysis and Recordkeeping
This regulation has been added an a potential ARAR.

OAC:3745-59-40 A, B, C, -41 A, -42 A, C, D, -43 A, B, C
These regulations have been added as potential ARARs.

OAC:3745-81-14, -15, -16, -21, -25, -26, -40, -46



These regulations have been deleted as potential ARARs.

ORC:3734.03
This'regulation, which prohibits open dumping or burning is

added as a potential ARAR.

ORC:3734.05(D)(6)(C), (d), ORC:6101.19, ORC:6111.043, ORC:6111.45
These sections have been deleted from the list of potential

ARARS.

ORC:3767.13, 3767.14 Prohibits nuisances in waterways.
These sections are added as potential ARARs.

ORC:3704.06, which prohibits violation of air pollution control
rules has been added as a potential ARAR.



Table 7-2 Comparison of ARAR Compliance for Remedial Alternatives at the Ormet Site

Regulatory
Citation/Pertinent

Paragraph

OAC:150121-5
02-06

QAC:1S01:21-11
03-05

OAC: 1501:21-13
02-08

QAC:1S01:21-13
10-14

OAC:1501:2l-15
06

OAC:1501:21-21
03-04

OAC:3745-1-03

Ik-Hill be attained.

Title/Subject of
Regulation

•Design r*quire**ot* of
daaia, dike* and levee*

Predesign investigations
(daaw. dike*. levees) •

Additional design
requirement* for dams*

Additional design
Requireawnts Cor dikes
and leveea*

Operation, Maintenance
and inspections

Deficiency and OtM of
da*e. dikea and levee •

Analytical and SaMpla
Collection procedure*

Alt. 1

IIP

HP

HP

HP

HP

HP

HP

Alt. 2

O

0

0

o

0

0

A

Alt. 3

D

U

0

O

U

U

A

Alt. 4

D

U

U

O

U

O

A

Alt. 5

O

O

0

o

U

o

A

Alt. C

O

11

0

U

a

D

A

Alt. 7

D

0

0

U

D

O

A

Alt. •

a

0

0

o

a

D

A

Alt. 9

O

O

D

O

O

a

A

Alt, 10

0

a

a

a

o

o

A

HA Mould not be attained.
HP-Hotpertinent to this alternative.
n-uncertain* Aa atated in general andification 12, alternative which incorporate uae of the levee and rip rap or concrt* revetment* «ill
deaigned to awet this potential ARAR. Currently, little i* known about the levee, it is currently uncertain whether the alternative* ••
presented will *«et thia ARAR. Additional work on the levee «ay by necessary.



Table 7-2 Con*>ariaon of ARAB Compliance for Remedial Alternative* at the Orwet Site

Regulatory
Citation/Pertinent

Paragraph

OAC:3745-1-04

OAC:374S-10S

OAC: 3745-9-04 A,B

OAC:374S-9-05 A1,B-H

OAC:3745-9-06 A.B.D.B

OAC:3745-9-07 A-F

OAC:37«5-9-08 A,C

OAC:37«S-»-09
A-C.D1. B-O

OAC:3745-9-10-A,B,D

A- will be attained.

Title/Subject of
Regulation

The "Five Freedom* for
•urfaee water

Antidegradation Policy
for surface water

Location/aiteing new
ground water well*

Construction of n«w
ground water wella

Caving requireawnta for
new ground water wella

Surface deaign of new
ground water wells

Start -up (operation of
ground-water wella

Maintenance * Operation
of ground-water wella

Abandonment of teat
holee I ground water
wella

Alt. 1

HA

HA

HP

HP

HP

HP

HP

HP

HP

Alt. 2

O

A

HP

HP

HP

HP

HP

A

A

Alt. 3

U

A

HP

HP

HP

HP

HP

A

A

Alt. 4

O

A

HP

HP

HP

HP

HP

A

A

Alt. 5

O

A

HP

HP

HP

HP

HP

A

A

Alt. 6

U

A

HP

HP

HP

HP

HP

A

A

Alt. 7

D

A

HP

HP

HP

HP

HP

A

A

Alt. •

O

A

HP

HP

HP

HP

HP

A

A

Alt. 9

O

U

A

A

A

A

A

A

A

Alt. 10

D

U

A

A

A

A

A

A

A

HA-Would not be attained.
HP-Hotpertinent to thig alternative
O-Uncertain.



Table 7-3 Comparison of ARAB Oanpliance (or Rewedial Alternative* at the Onaet Site

Regulatory
Citation/Pertinent

Paragraph

OAC: 3745 15-06 A1.A2

OAC H45-1S-07 (A)

OAC- 1745 16-02 B,C

OAC 1745 17 02 A,B,C

OAC- 5745- 17-05

OAC 1745 17-07 A-D

OAC: J745-17-08
Al.U.B.D

OAC 3745 17-09 A.B.C

OAC 1745 17 10-A.B.C

OAC: 1745- IB-02 A.B,C,D

OAC 1745 18-04 A.B.C.R,
P

OAC: 1745 IB-05 A

Title/Subject of
Regulation

Ha If unction end
Maintenance of air
pollution control
equi patent

Prohibition of air
pollution nuieancee

Stack height
requirements

Partlculate anbient air
quality etandarde

Particulate non-
degradation policy

vieible participate
enlaaion control

•nieeion restrictions
for fugitive duet

Incinerator part leu late
eeiieelona and odor
reatrictione

Fuel burning partlculate
emieeion reetrictione

Sulfur dioxide aabient
air quality atandarda

Sulfur dioxide
awaeureetent a methods and
procedures

Sulfur dioxidea aafeient
•tonitoring requireawnte

Alt. 1

HP

HP

HP

HA

HA

HP

HP

HP

HP

HP

HP

HP

Alt. 2

HP

HP

HP

A

A

HP

A

HP

HP

HP

HP

HP

Alt. 3

HP

HP

HP

A

A

HP

A

HP

HP

HP

HP

HP

Alt. 4

HP

HP

HP

A

A

HP

A

HP

HP

HP

HP

HP

Alt. 5

HP

HP

HP

A

A

HP

A

HP

HP

HP

HP

HP

Hit. C

A

A

A

A

A

A

A

A

A

A

A

A

Alt. 7

A

A

A

A

A

A

A

A

A

A

A

A

Alt. •

HP

HP

HP

A

A

HP

A

HP

HP

HP

HP

HP

Alt. 9

A

A

A

A

A

A

A

A

A

A

A

A

Alt. 10

HP

HP

HP

A

A

HP

A

HP

HP

HP

HP

HP

A- will be attained.
HA-Hould not be attained.
HP-Hotpertlnent to thia alternative
tl • Uncertain .



Table 7-2 CoHf>arieon of ARAR Compliance for Remedial Alternatives at the Onwt Sit*

Regulatory
Citation/ Pertinent

Paragraph

OAC:3745-1«-06 A-G

OAC:374S-21-02 A.B.C

OAC:3745 21-03 B,C,D

OftC:3745-21-05

OAO1745-21 -07 A-J

OAC- 3745-21-08

OAC- 3745-21-09

OAC:37«5-23-01

OAC:3745-23-02 A,B

OAC:3745-23-04

OAC:3745-23-06

OAC: J745-25-03

A will be attained. HA MoulJ

Title/Subject of
Regulation

Sulfur dioxide emission
Unit provisions

Ambient air quality
atandarda for carbon
dioxides

Methods of Ambient Air
Quality Measurement

Carbon aonoxld* non-
oagradation policy
enivaion control

Organic Material
eniaaion control
atationary aource

Carbon monoxide eniBBion
control

VOC awiaaion control -
Btationary aource

nitrogen dioxide aabient
air quality atandarda

Measurement awthodB for
nitrogen dioxide

Nitrogen dioxide
(HOx) Pondegradat ion
policy

nitrogen dioxide
eaiiaaion control

Caiiaaion control action
program

Alt. 1

HP

HP

HP

HA

HP

HP

HP

HP

HP

IIP

HP

HP

Alt. 2

HP

IIP

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

Alt. 3

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

Alt. 4

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

Alt. 5

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

Alt. C

A

A

A

A

A

A

A

A

A

A

A

A

Alt. 7

A

A

A

A

A

A

A

A

A

A

A

A

Alt. •

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

Alt. 9

A

A

A

A

A

A

A

A

A

A

A

A

Alt. 10

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

not be attained. HP-Notpertinent to thia alternative. O-Oncertain.



Table 7-2 Comparison of ARAR Compliance for Remedial Alternative* at the Orawt Site

Regulatory
Citation/Pertinent

Paragraph

QAC:3745-27-03 B

OAC: 3745-27-05 A,B,C

OAC:3745-27-08 C,D

OAC:3745-37-09
C,L,N,O

OAC: 3745-27-10 B.C.D

OAC:3745-27-ll B.O

OAC:3745-27-13 A

OAC:3745-27-14 A

QAC:3745150-58 B

OAC:3745-SO-62
A.B.C.D

Title /Subject of
Regulation

Bxewption to Solid Waete
Regulation

Authorised, limited &
prohibited BO! id Haste
disposal

Construction apeca for
•anitary landfill*

Sanitary landfill
facility operation*

Sanitary landfill
ground-water Monitoring
requirement*

Final cloaure of
•anitary landfill*

Disturbance* where aolld
or haiardoua waate
facility wa* operated

Poet-cloBure care of
•anitary landfill
facilities
Hazardous waate facility
permit condition*

Trial burn for
incinerator*

Alt. 1

HP

NP

HA

HA

HA

HA

HP

HA

NP

NP

Alt. 2

HA

HA

HA

HA

A

HA

A

A

A

NP

Alt. 3

A

A

A

A

A

A

A

A

A

NP

Alt. 4

A

A

NP

HP

A

A

A

A

A

NP

Alt. 5

A

A

A

A

A

A

A

A

A

NP

Alt. 6

A

A

A

A

A

A

A

A

A

A

Alt. 7

A

A

A

A

A

A

A

A

A

A

Alt. I

A

A

•

A

A

A

A

A

A

A

HP

Alt. 9

A

A

A

A

A

A

A

A

A

A

Alt. 10

A

A

A

A

A

A

A

A

A

HP

A-Hill be attained.
RA-Would not be attained.
Hp-Hotpertinent to thia alternative.
U-Oncertain.
••Mill be designed to attain. Currently, those alternative* do not attain this potential
"equivalency" has not been demonstrated

ARAR because they do not use compacted soil cap* and



Table 7-2 Comparison of ARM Compliance for Remedial Alternative! at the Ormet Site

Regulatory
Citation/Pertinent

Paragraph

OAC:374S-51-07 A,B

OAC:3745 52-11 A F

OAC:3745-52-22,
23, 30,31,32,33,34

OAC:3745-54-13 A

OAC- 3745-54-14 A,B,C

OAC:3745-S4-15 A.C

OAC:3745-54-lB B

OAC: 3745 -54 -31

Title/Subject of
Regulation

Residues of hazardous
wastes in empty
container*

Evaluation of wastes

Hani f eate , Packaging ,
Labeling

General Analyai* of
hazardous wastes

Security for hazardous
wastes facilities

Inspection requirements
for hazardous waste
facilities

Location standards for
hazardous waste T/s/D
facilities

Design and operation of
hazardous waste
facilities

Alt. 1

HP

MP

HP

HP

HP

HP

HP

HP

Alt. 2

A

A

A

A

A

A

A

A

Alt. 3

A

A

A

A

A

A

A

A

Alt. 4

A

A

A

A

A

A

A

A

Alt. 5

A

A

A

A

A

A

A

A

Alt. C

A

A

A

A

A

A

A

A

Alt. 7

A

A

A

A

A

A

A

A

Alt. •

A

A

A

A

A

A

A

A

Alt. *

A

A

A

A

A

A

A

A

Alt. 10

A

A

A

A

A

A

A

A

A-Will be attained.
NA-Would not be attained.
HP-Hotpertinent to this alternative.
0 Uncertain.
'-Hill be designed to attain. Currently, those alternatives do not attain this potential ARAR because they do not use compacted soil caps and
•equivalency' has not been demonstrated



Table 7-2 Comparison of ARM Compliance for Remedial Alternative* at the Orwet Site

Regulatory
Citation/Pertinent

Paragraph

OAC: 3745-54-91 A

OAC- 1745 -54-92

OAC: 3745-54-91 A.B

OAC:3745-54-94 A,B

OACr 1745-54-95 A,B

OAC: 3745-54-96 A.B.C

Title/Subject of
Regulation

Regulatory ground-water
program for hazardous
waste facilities

Ground -water protection
standard; Hazardous
waste facilities

Hazardous constituents
in ground water.
hazardous waste
facilities

Concentration Units for
ground water. Hazardous
waste facilities

Point of compliance j for
ground -water. Hazardous
waste facilities

Compliance period for
ground water; Hazardous
waste facilities

Alt. 1

NP

IIP

HP

NP

irp

HP

Alt. 2

A

A

A

A

A

A

•

Alt. 3

A

A

A

A

A

A

Alt. 4

A

A

A

A

A

A

Alt. 5

A

A

A

A

A

A

Alt. C

A

A

A

A

A

A

Alt. 7

A

A

A

A

A

A

Alt. •

A

A

A

A

A

A

Alt. 9

A

A

A

A

A

A

Alt. 10

HP

A

A

A

A

A

A

A-will be attained.
1U-Mould not be attained.
HP-Hotpertinent to this alternative
U-Oncertain.



Regulatory
Citation/ Pertinent

Paragraph

OAC- 3745-55-011

OAC:3745-S5-71

OAC:3745-55-72

OAC:374S-SS-73

OAC:3745-55-74

OAC:3745-55-75
A.B.C.D

OAC: 3745-55-76

OAC: 3475-55-78

OAC:374S-56-28 A,B,C

OAC 3745-57 01 A-D

57-03 A-I, 57-05 A,B
57 10 A, B, 57-12 A,B

57-17 A

Title/Subject of
Regulation

Corrective action for
waste management unite

Condition of containers

Compatability of waste
with container*

Management of containers

Container inspect ions

Container etorage area
containment ayatem

Container requirement*
for Ignitable/reactive
waetee

Container closure
requirement a

Management of hasardous
wastes in autface
impoundmenta

Environmental
performance » tandar de-
land- baaed units

Management of hazardous
waste in landfills

Vt. i

HP

HP

HP

IIP

HP

HP

NP

HP

HP

NP

HP

Alt. 2

A

A

A

A

A

A

A

A

MA

HA

HP

Alt. 3

A

A

A

A

A

A

A

A

HA

HA

HP

Alt. 4

A

A

A

A

A

A

A

A

A

A

A

Alt. S

A

A

A

A

A

A

A

A

HA

NA

A

pat. c

A

A

A

A

A

A

A

A

HA

HA

A

Alt. 1

A

A

A

A

A

A

A

A

A

HA

A

Alt. •

A

A

A

A

A

A

A

A

HA

HA

A

Alt. 9

A

A

A

A

A

A

A

A

A

HA

A

Alt. 10

A

A

A

A

A

A

A

A

HA

HA

HP

A-will be attained.
IU-Mould not be attained.
NP-Notpertinent to this alternative.
U Uncertain.



Table 7-2 Comparison of ARAR Compliance Cor Re«edial Alternative* at tha Omat Sita

Regulatory
Citation/Pertinent

v- ' Paragraph

OAC:374S-S4-97 A-H
A-F

QAC:3745-54-98 A- I
A-P

OAC:3745-S4-99 A-J

QAC:3745-55-01 A-P

OAC:3745-55-ll A,B,C

OAC:3745-55-14 B
,

OAC: 3745-55-17 B

Title/Subject of
Regulation

General ground- water
annitoring requireatenta;
Hatardoua Maate
facilities

Ground water detection
•onitoring program;
hatardoua waite
facilitiea

Ground-water compliance
BKmitoring prograai
Haxardoue waate
facilities

Ground-water corrective
action program;
Hasardoua waate
facilitiea

General cloaura
performance standard;
Haxardoue waate
facilities

Oiapoaal and
decontamination of
equipment, •tructurea.
and aoila

Poat-cloeure care and
u>e of the property

Alt. 1

IIP

HP

HP

HP

HP

HP

HP

Alt. 2

A

A

A

A

A

A

A

Alt. 3

A

A

A

A

A

A

A

Alt. 4

A

A

A

A

A

A

A

Alt. 5

A

A

A

A

A

A

A

Alt. 6

A

A

A

A

A

A

A

Alt. 7

A

A

A

A

A

A

A

Alt. •

A

A

A

A

A

A

A

Alt. 9

A

A

A

A

A

A

A

Alt. 10

A

A

A

A

A

A

A

A-will be attained.
HA-Would not be attained.
NP Hotpertinent to thie alternative
U Uncertain.



Table 7-2 Con^ariaon of ARAR Coapliance for Remedial Alternative* at tha Omat Site

Regulatory
Citation/Pertinent

Paragraph

OAC:3745-57-41 A.B
57-42 A,B.C 57-49 A,
B,C 57-44C 57-15 A-F

57-47 A.B.C

OAC:3745 57-51

OAC:3745-59-07

OAC:3745-81 11 A.B

OAC:3745 81 12 A.B.C

OAC:3745-81-13 A.B

OAC:3745-81 -22 A

OAC:3745-81 23 A

OAC:3745-81-24 A-l
(

OAC:3745-81-27 A.B.C

OAC:3767.13

OBC:152l .06

ORC:1521 .062

Tit la/Sub jact of
Regulation

Treatment of haxardoue
wa*te in incinerator*

Cloeure of incinerator*

Waate analyai* of
hasardou* waate

MaxiMM contaaiinant
level a for inorganic
cneailcala

Haxiauai contaainant
lavala for organic
cbaaUcala

HaxiaMM contaaiinant
level a for turbidity

Turbidity aaapling and
analytical requirement*

Inorganic nonitoring
requirenenta

Organic aonitoring
requiranenta

Analytical technique*

Prohibition of Ruiaancaa

Conat ruction pemita for
da**, dikea and laveea

Monitoring, aaintenance
ft operation (daaw.
dikea, l*vel*|

Alt. l

IIP

HP

HP

HP

HP

HP

HP

HP

NP

HP

HP

HP

HP

A- win be attained.

Alt. 2

A

A

A

A

A

A

A

A

A

A

A

U

O

Alt. 3

A

A

A

A

A

A

A

A

A

A

A

O

U

Alt. 4

A

A

A

A

A

A

A

A

A

A

A

U

U

Alt. 5

A

A

A

A

A

A

A

A

A

A

A

O

0

Alt. C

A

A

A

A

A

A

A

A

A

A

A

D

U

Alt. T

A

-

A

A

A

A

A

A

A

A

A

A

O

O

Alt. •

A

A

A

A

A

A

A

A

A

ft

O

U

Alt. »

. A

A

A

A

A

A

A

A

A

A

D

O

Alt. 10

A

A

A

A

A

A

A

A

A

A

O

O

NA-Vould not be attained.
HP-Hotpertinent to thia alternative.
O-Uncertaln.



Table 7-2 Co«v>ariaon of ARAB Compliance for Remedial Alternative* *t ttM Orawt Sit*

Regulatory
Citation/Pertinent

Paragraph

ORC-1734 02m

ORC 3714 .02IH1

Opr-1754 03(1)

OPC-611 04

OPC 611 042

40CFB 760 .60(a) (5) •

40CFR 7(0.«0(el •

40CFA 761 .70 *

Title/Subject of
Regulation

O0authori*ed • tor age.
treatment, or diapoaal
of haiardoue waate

Earth moving activity
•here hazerdoua or aolld
waate facility waa
located

Mr ••iaaiona from
hacardoua waate
facilitiea

Acta of pollution
prohibited

Roquiraawota for
coaplianca with National
Effluent Standard*

PCB Diapoaal
Requirement a for Dredged
Material*

PCB Oiapoaal
••quirevwnta for
Treatment Other than
Incineration

Incineration

Alt. 1

HP

HP

HP

NP

HP

HP

HP

HP

Alt. 2

A

A

HP

A

A

HP

HP

HP

Alt. 3

A

A

HP

A

A

HP

HP

HP

Alt. 4

A

A

HP

A

A

A

A

HP

Alt. 5 J

A

A

HP

A

A

HP

HP

HP

Ut. C

A

A

A

A

A

A

A

A

Alt. T

A

A

A

A

A

A

A

A

Alt. •

A

A

HP

A

A

HP

HP

"

Ut. 9

A

A

A

D

U

A

A

A

Alt. It

A

A

HP

O

D

A

A

•»

be attained.
M* Would not be attained.
HP-Notpertinent to thia alternative.
U Uncertain.



Table 7-2 Comparison of ARAR Compliance for Remedial Jernativei at the Ormet Site

Regulatory
Ci tat ion/ Pertinent

Paragraph

40CFR 161.75 "

40CFR 50.6

40CFR 260

Title/Subject of
Regulation

Chemical Waste Landfill

Rational Ambient Air
Quality Standard* for
Particulars Hatter

Land disposal Regulation

Alt. 1
i

HP

IIP

HP

Alt. 2

HP

A

A

Alt. 3

IIP

A

A

A-w'lI be attained.

Alt. «

HP

A

A

Alt. 5

HP

A

A

Alt. 6

HA

A

A

Alt. 7

HA

A

A

Alt. •

HP

A

A

Alt. 9

HA

A

A

Alt. 10

A

A

A

HA Mould not be attained.
NP-Hotperllnent to this alternative.
U Uncertain.

• If the PCS contamination in the dredged eedimentl exceed* SO ppm, then auch dredged material! will have to b* trMtvfl to twlow SOppai prior
to dlepoaal; or will have to be incinerated (or diapoa«d of by an equivalent Method or disposed of in • cheaiical w*ate landfill as ««t forth in
these regulations


